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NOTES ON BELGIAN SPECIMENS OF SPOROGONITES 


HENRY N. ANDREWS, JR. 
School of Botany, Washington University, St. Louis, Missouri, U.S.A. 


ABSTRACT 


Specimens of Sporogonites exuberans from the 
Lower Devonian of Belgium are shown to be borne 
by a presumed thallus-like structure. The general 
habit of the plant and lack of vascular tissue suggest 


bryophytic rather than psilophytic relationships. 
the privilege of collaborating with 


D Professor Suzanne Leclercq in a studv 
of certain of her excellent collections of Middle 
Devonian plants from eastern Belgium. In 
order to extend my knowledge of Lower and 
Upper Devonian floras several days were 
devoted to an examination of the rather vast 
collections in the Brussels Natural History 
Museum that have been gathered in recent 
years by Dr. Stockmans. These collections 
are among the finest to be found in any insti- 
tution today for the geologic period they 
represent and are deserving of far more time 
than I was able to devote tothem. However, 
my attention was particularly attracted to 
certain specimens of Sporogonites which seem- 
ed to shed some light on the habit of this 
interesting but problematical genus and it 
seemed desirable to record these observations 
without further delay. I am grateful to Dr. 
Stockmans for granting me permission to 
describe and illustrate several specimens in the 
Brussels collections and to Professor Leclercq 
for the use of her laboratory and photographic 
facilities. 

Sporogonites exuberans was first described 
by Halle in 1916 and was discussed in further 
detail in 1936, his account being based on 
specimens from the Lower Devonian of 
Norway. A second species, S. chapmant, was 
described by Lang and Cookson ( 1930 ) from 
the early Devonian Walhalla series of Vic- 
toria. Their fossils consist of a slender stalk 
0:75 mm. wide, unbranched, bearing a cap- 
sule-like structure which tapers to a rounded 
point. The capsule itself is 2-5 mm. wide and 
5 mm. long, or 7:5 mm. including the widened 
region of the stalk. They also recognized S. 
chapmani forma minor for specimens with a 
smaller capsule, its diameter being 1:5 mm. 
and the length, including the flared portion 
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of the stalk, is about 5 mm. They were un- 
able to demonstrate spores or cellular struc- 
ture; if correctly attributed to Sporogonites, 
the chief interest in these specimens lies in 
the greatly extended geographical range. 
Since then Cookson (1949) has described 
somewhat smaller sporangia from the Lower 
Devonian of Lilydale, Victoria, which are 
doubtfully referred to Sporogonites. Croft 
& Lang (1942) have described specimens 
from the Lower Old Red sandstone of Wales 
in which they were able to demonstrate the 
presence of spores which average about 20 u 
in diameter and the presence of stomata in 
the epidermis of the upper part of the stalk. 
Belgian specimens have been described by 
Lang (1937) and Stockmans (1940) and 
these will be considered in further detail 
below. 

The now rather well-known Norwegian 
specimens described by Halle consist of a 
pyriform sporangium borne on a slender un- 
branched stalk. He was able to demonstrate 
that the lower half of the sporangium is sterile 
while the upper half consists of a multi-layer- 
ed wall, the cell structure of which was well 
preserved in part, and a dome-shaped mass of 
spores. The central core is not preserved but 
it is thought that a columella was originally 
present. The spores measure 20 to 25 u and 
were numerous in what was probably a single- 
chambered sporangium; the mode of dehi- 
scence is unknown. 

In his first detailed account of the fossil 
Halle ( 1916a ) inclined towards the view that 
it was most closely allied with the bryophytes 
but in 1936 he expressed the feeling that “ it 
appears on the whole probable that Sporo- 
gonites represents part of a Pteridophyte be- 
longing or related to the Psilophytales ”. 
This shift in opinion resulted largely from the 
discovery of the Rhynie plants and their in- 
fluence on morphological thought, and in 
particular, to the supposed similarity of 
Sporogonites to Horneophyton with its col- 
lumelate sporangium. It is also pertinent to 
the present account to note that Halle figured 
a “thallus-like ” fragment (1936, Pr. 4, 
Fic. 7 ) tentatively attributed to Sporogonites 
and he noted that “ it suggests comparison 
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with the rhizome of Rhynia or, perhaps even 
more strongly, with the curious protocorm- 
like rhizome of Hornea ( Horneophyton )”’. 
The fossil referred to is actually a very small 
fragment and I think inadequate to the com- 
parison mentioned. 

Sporogonites exuberans was first recorded 
from Belgium by Lang in 1937 and on the 
basis of admittedly minor differences he refer- 
red to the Belgian specimens as S. exuberans 
forma belgica. In 1940 Stockmans mention- 
ed it and figured several specimens in his 
study of the Lower Devonian plants of 
Belgium. All of the specimens considered in 
the present account are from the Emsien 
( upper ) division of the Lower Devonian and 
were collected at the Bois de Bescaille quarry 
at Estinnes-au-Mont which is located shortly 
east of Mons. 

In going through the 16 trays of Sporogo- 
nites specimens in Dr. Stockmans’ collections, 
my attention was drawn particularly to the 
parallel arrangement of the sporangium- 
bearing stalks, a feature that may be clearly 
noted in all of the specimens figured herewith. 
Dozens of specimens present this arrange- 
ment, far too many to be accounted for by 
mere chance aggregation. Lang noted this 
feature on the single specimen at his disposal 
and in referring to the axes (sporangiophores ) 
he commented that “‘ Their close association, 
parallel position and similar direction seem 
against chance carriage of isolated specimens 
but there is nothing to show the complete 
form and mode of growth of the plant ” 
(1937, p.2). After observing this feature in 
dozens of specimens I could not avoid the 
suspicion that the parallel arrangement ( see 
especially Fic. 4) implied attachment to some 
other plant organ. In going back through 
the collections a second time several speci- 
mens were found which confirmed this sus- 
picion beyond a doubt. It is only fair to 
note that the collection deserves more careful 
study than I was able to devote to it and, in 
view of what is now known, further collect- 
ing would certainly be appropriate. 

The plant impressions are black against a 
grayish black shale which renders effective 
photographic illustration rather difficult. 
They were photographed under glycerin, 
having been coated first with a very thin film 
of cellulose acetate (‘““ peel’’) solution to 
prevent the rock from absorbing the glycerin 
and becoming discoloured. It seems most 
convenient now to consider the specimens 
individually. The numbers are those of the 


Paleobotanical Department, Brussels Mu- 


seum of Natural History. 

No. 23437 (Fic. 1). This is included to | 
show the sporangia of which six or seven are 
evident on the upper half of the specimen. 
Although quite a number of specimens in the | 
collection contain sporangia, there are a great 
many which do not; a further discussion of | 
this point will be taken up below. There is | 
some variation in the size of the sporangia | 
but, in so far as comparison is possible, I see 
no reason to question the identification of the | 
fossils with Sporogonites exuberans. It is to 
be hoped, however, that specimens may 
eventually be found in Belgium which will 
allow a more detailed comparison with the | 
structurally preserved Norwegian ones. 

No. 24108 ( Fic. 4). This shows especial- 
ly well the parallel alignment of the un- 
branched sporangiophores and is typical of 
many specimens in the collection. It is 
difficult to follow a single sporangiophore 
through its entire length although it probably 
could be accomplished by careful excavation 
with fine steel needles. However, the aggre- 
gation as a whole is about 10 cm. long and 
reached to the edge of the specimen so it 
seems safe to assume that the stalks attained 
a length somewhat in excess to this figure. 

No. 23480 ( Fies. 5,6). This specimen 
displays the attachment of the sporangio- 
phores to the plant organ in question parti- 
cularly well. Figures 5 and 6 are identical 
and show the fossil slightly reduced in the 
former and slightly enlarged in the latter, as 
indicated in the caption. It seemed desir- 
able to include an untouched photo ( Fic. 6 ) 
while the other has been employed to indicate 
clearly the outline of the structure to which 
the sporangiophores are attached. The dot- 
ted line in Fig. 5 indicates the margin of a 
carbonaceous film ( to the left ) with numer- 
ous sporangiophores attached along the lower 
half; in the following discussion the “‘ carbona- 
ceous film ” will be referred to tentatively 
as a thallus. The left margin of the photo is 
the broken edge of the specimen so that its 
extent in that direction cannot be determined. 
Thus, that portion of the thallus that is pre- 
served is 14 cm. long and 3 cm. broad at the 
widest point (A) where it is lobed. 

No. 24113 ( Fics. 2,3). These two figures 
present this specimen in the same fashion as 
the previous one. In Fig. 2 the dotted line 
represents the natural limit of the thallus and 
along this line it may be noted that there are 
numerous sporangiophores which all point 
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TEXT-FIG. 


directly up. It is probable that the entire 
area below the dotted line represents thallus 
but it is somewhat “ spotty ’’; that is,. there 
are breaks or open places in which no carbona- 
ceous film is present which I interpret to 
represent lack of preservation. If this is the 
case, that portion of the thallus that is pre- 
served measures approximately 5x7cm. At 
this point attention may be called to the dark 
area at the bottom of Fig. 4; it is very possible 
that this too represents a portion of a thallus 
but it is not clearly defined and does not seem 
to merit further comment. 


DISCUSSION 


The observations recorded above leave 
much to be discovered about Sporogonites but 


1 — Restoration of a portion of a plant of Sporogonites exuberans. 


I believe we are in a somewhat better position 
to speculate on the habit of the plant. 

It is pertinent first to refer to the stalks or 
sporangiophores which bear the terminal 
sporangia. In previous accounts Halle, Lang 
and Stockmans have noted the absence of 
any evidence of vascular tissue. There are 
many thousands of these stalks on the numer- 
ous specimens in the Brussels collections and 
I examined many of them with this point in 
mind and found no trace of a vascular strand. 
Admittedly, there is little carbonaceous 
matter remaining, yet the total absence of 
any indication of such a strand seems signific- 
ant in view of the fact that Halle found none 
in his specimens, yet was able to demons- 
trate considerable cell structure in the sporan- 
gium. Although there are numerous specimens 
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with sporangia intact, a great many of 
the stalks lack them. It would seem likely 
that the sporangia were easily detached 
or possibly were released by an abscission 
mechanism. 

The form of the structure that has been 
referred to as a thallus is of course critical. 
Specimens such as those shown in Figs. 3 and 
6 show no evidence of vascular tissue; the 
carbonaceous film is quite thin and the appa- 
rent irregular preservation in Fig. 3 seems to 
suggest that it was a thin thalloid organ. If 
one assumes that it was of a rhizomatous 
nature, the dimensions of the preserved frag- 
ments are such that it would have been of 
rather great diameter, seemingly quite out of 
proportion to the slender nature of its appen- 
dages, the sporangiophores. I have been 
somewhat concerned over the fact that large 
numbers of specimens display the character- 
istic parallel alignment of the stalks yet in 
relatively few is the thallus preserved. It 
would seem almost certain that the latter was 
intact at the time of deposition of the plants 
and as a likely explanation it is postulated 
that the thallus was of a relatively fragile 
stucture and quickly decayed leaving only 
the stalks and occasionally their terminal 
sporangia. 

At only a few points can the base of the 
sporangiophore be observed in direct organic 
connection with the thallus and at such places 
it is slightly flared; the other sporangiophores 
were in all probability attached at various 
points over the thallus and these basal por- 
tions have been destroyed. 

It is thus tentatively assumed that the 
plant was a nonvascular one consisting of an 
irregularly shaped, flat thallus which bore 
many slender upright axes, the sporangio- 
phores, which were, in turn, unbranched and 


bore a single, terminal sporangium. The 
restoration shown in Text-fig. 1 presents a | 
representative portion of a plant in accord- 
ance with this concept. 

It is certainly precarious to speculate on 
the affinities of this plant but in view of its 
general morphology and apparent lack of 
vascular tissue we have no positive evidence 
that justifies its assignment to the psilophytes 
or any other group of vascular plants. Iam, 
therefore, inclined to consider that it is of 
bryophytic affinities but there seems to be 
no purpose in attempting a closer comparison. 
Just as we are finding a growing number of 
vascular plants in pre-Carboniferous times 
which, because of their diversity of morpho- 
logy and anatomy, render their classification 
difficult, it seems likely that bryophytic 
plants once existed in greater diversity. The 
well-known discoveries of Walton have re- 
vealed the presence of liverworts of modern 
affinities in the Carboniferous and Neuburg’s 
recent contribution (1956) demonstrates 
conclusively that mosses existed in the 
Permian. It is thus very likely that both of 
these groups of bryophytes had a long pre- 
Carboniferous history. In summary, it seems 
reasonable to assume that Sporogonites may 
be considered as a plant that had attained a 
bryophytic level of evolution, possibly re- 
lated to the liverworts or representing a 
distinct and independent group. 
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Sporogonites exuberans Halle. 
Natural History Museum, Brussels. 


PLATE 1 
1. A specimen showing sporangia. No. 23437. 
2. Portion of a plant: thallus below dotted line and 
basal parts of sporangiophores above. No. 24113. 
3. The same enlarged. 


PATER? 


4. Specimen showing arallel alienment of 
छठ fo) 


Specimen numbers 


la Belgique. Mem. Mus. Roy. Hist. Nat. 
Belgique. No. 93: 1-90. 
are those of the Paleobotanical Department, 


characteristic feature of 
in the Brussels collection. No. 


sporangiophores, a 
many specimens 


24108. 


5. Portion of a plant showing thallus to the left 
of the dotted line and sporangiophores to the right. 
No. 23480. 


6. The same enlarged. 


THE FOSSIL FLORA OF THE JABALPUR SERIES --2. FILICALES 


M. N. BOSE 


Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 
Onychiopsis psilotoides (Stokes & Webb), Cladophle- 
bis sp. cf. C. longipennis ( Seward ), Cladophlebis sp., 
Coniopteris hymenophylloides ( Brongniart ) Seward, 
Coniopteris sp. cf. C. hymenophylloides (Brongniart ) 
Seward and Sphenopteris sp. are here described 
from Jabalpur and Sehora, Madhya Pradesh. 


INTRODUCTION 


Ar HE filicinean remains forming the 
I subject of this paper were collected in 
1948 from the Chui hills, Jabalpur, and 
in 1957 from Sehora (Sher river cutting ), 
Narsinghpur district. These localities were 
discovered as early as 1860 by Medlicott and 
the plant fossils from them were described by 
Feistmantel (1877). Among the Filicales 
Feistmantel had described only Sphenopteris 
cf. arguta, Diksonia sp. and Cladophlebis 
( Alethopteris ) whitbyensis. Later Deb (1932) 
reported another species of Cladophlebis, 
C. indica, from Jabalpur and Crookshank 
(1935) recorded two species of Hausmannia — 
H. dichotoma and H. buchi from Jatamao, 
Madhya Pradesh. 


DESCRIPTION 


All the species recorded here are fragmen- 
tary and none of them bears the fertile parts. 
The fossils from the Chui hills are preserved 
as impressions on a greyish white clay and 
those from Sehora are carbonized. 


POLY PODIACEAE 
Genus Onychiopsis Yokoyama 
Onychiopsis psilotoides ( STOKES & WEBB ) 
Dal, hisses 0-11 

Five specimens, all of them sterile, are here 
assigned to the genus Onychiopsis Yokoyama 
(1890). The best specimens are figured in 
PI. 1, Figs. 8-11. Detached pinnae as well as 
bipinnate fronds have been collected. Largest 
bipinnate frond about 7:5 cm. inlength. The 
pinnae about 2-6 cm. in length, slender and 
linear in outline, attached to the rachis in alter- 
natemanner. The pinnules small, lanceolate, 
acutely directed forward. Veins not visible. 

Comparison — Present fronds resemble to 
a great extent Onychiopsis psilotoides des- 
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cribed by Seward from the English Wealden 
(1894) and Cape Colony (1903) and by 
Oishi ( 1931 ) from Takata, Japan, in its habit 
and in the form of the ultimate segments. 

Remarks — The age of the Jabalpur series 
is still a matter of controversy. According 
to Feistmantel (1877), Cotter (1917) and 
Crookshank ( 1936 ) they are Middle or Upper 
Jurassic in age; Matley (1921) and Arkell 
(1956) consider them to be Lower Creta- 
ceous. The presence of O. psilotordes, which 
is a characteristic Wealden fern, supports 
the latter view. 

Locality — Sehora, Narsinghpur District, 
Madhya Pradesh. 


? OSMUNDACEAE 
Genus Cladophlebis Brongniart 
Cladophlebis sp. cf. C. longipennis SEWARD 
12131 111 29 2 12: 


The present collection includes numerous 
specimens resembling Cladophlebis longipennis 
Seward (1894). But none of the specimens 
collected shows the bipinnate form. Largest 
pinnae about 8-5 cm. long and 1 cm. broad. 
Pinnules 3-5 mm. long and 2-4 mm. broad. 
Veins rarely visible. Other characters of the 
pinnae and the pinnules same as C. longi- 
pennis described by Seward. 

Remarks — This species is rather common, 
and the pinnules are of variable size. 

Locality — Sehora, Narsinghpur District, 
Madhya Pradesh. 


Cladophlebis sp. 
Pl. 1, Figs. 3, 4 


Pl. 1, Figs. 3-4 show pinnae of two imper- 
fect specimens. Pinnae are simple, alternate, 
long, linear-lanceolate, broader and inequi- 
lateral at the base, tapering towards the apex, 
margin entire. Secondary veins mostly divid- 
ing only once. 

Comparison — The pinnae of the present 
specimens resemble the pinnae of Osmunda 
sturii described by Raciborski ( 1890, 1894 ). 
But none of our specimens are bipinnate 
and moreover, the pinnules of O. sturii are 
mostly smaller in size. 


BOSE 


Remarks — From the material so far col- 
lected, it is impossible to judge whether the 
specimens are detached pinnae of a bipinnate 
frond or they are only simply pinnate forms. 

Locality — Sehora, Narsinghpur District, 
Madhya Pradesh. 


CYATHEACEAE 
Genus Coniopteris Brongniart 
Coniopteris hymenophylloides 
( BRONGNIART ) Seward 
Pl. 1, Fig. 5 


A portion of a sterile foliage is seen on PI. 1, 
Fig. 5, which may be compared closely with 
such forms of C. hymenophylloides as have 
been described by Seward ( 1900, 1911), Sze 
01933) and P’an-( 1936). 

Remarks — There are only two specimens in 
the collection and their venation is not clear. 

Locality — Chui hills, Jabalpur. 


Contopteris sp. Cf. C. hymenophylloides 


( BRONGNIART ) SEWARD 
Pl. 1, Fig. 6 


Only a single specimen was obtained. 
Pinnules of this form resemble those of the 
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figured specimens of Seward (1900, PL. 
XVII, Fic. 3), Yabe and Oishi (1929, Pr. 
ART, 117 and-Sze (1931, Pr Se 7). 
Remarks — This form seems to be rather 
rare. 
Locality — Chui hills, Jabalpur. 


Genus Sphenopteris Brongniart 
Sphenopteris 57. 
DE Aloe 0 00७ 7 


Several fragmentary specimens have been 
collected from Jabalpur. Mostly bipinnate 
(? tripinnate) with a slender rachis from 
which linear pinnae are given off alternately. 
Pinnules varying in shape, ovate with blunt 
or acuminate apex. At the base the pinnules 
contiguous, near the apical region even 
united, leaving only a portion of their apex 
free. Marginentire. Secondary veins rarely 
bifurcating. 

Remarks — This species is quite abundant, 
and variable in form. May be compared 
with Sphenopteris sp. cf. zarecznyi ( Raci- 
borski ) from Kamenka described by Thomas 
(1927) 

Locality — Chui hills, Jabalpur. 
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EXPLANATION OF PLATE 1 


1, 2. Cladophlebis sp. cf. C. longipennis Seward, 6. Coniopteris sp. cf. C. hymenophylloides ( Brong- 
Nos. 28950 and 28949, x 1. niart ) Seward. No. 5905. x 1. 
3, 4. Cladophlebis sp. Nos. 29245 and 29228. 


7. Sphenopteris sp. No. 5918. x 1. 

x ie 8-11. Onychiopsis psilotoides (Stokes & Web). 
5. Coniopteris hymenophylloides ( Brongniart) Nos. 29294 Fic. 8), 29300 (Fics. 9 & 11) and 

Seward. No. 5904. x 1. 29295 (Pie. 10). x 1, 


— PLATE 1 
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ABSTRACT 


1. A large number of Caytonia seeds has been 
studied by maceration and the following new parts 
recognized: inner epidermis and cuticle of integu- 
ment, nucellar beak forming the pollen chamber and 
aleurone layer. 

2. Certain uncutinized parts are occasionally 
preserved, through some exceptional process 

3. No cutinized megaspore membrane exists in 
Caytonia. 

4. Certain definite parts of the seed are still not 
understood and call for further work. 

5. In having an almost completely cutinized 
nucellus and no megaspore cuticle Caytonia differs 
from nearly all Gymnosperms except a few fossils, 
but agrees with Angiosperms. In other respects 


the Caytonia seed is purely Gymnospermous. 
Ik \ 

I Caytonia seeds. The first (THoMAs, 

1925) gave the main features, and 

the next three ( Harris, 1933, 1940, 1954 ) 
added details or gave new interpretations. 
The present one also adds details and reinter- 
prets, but still our understanding remains 
incomplete. It was written because a large 
number of seeds had been accumulated, 
about 200 of C. nathorsti and nearly a thou- 
sand of C. sewardi, and when they were all 
examined by maceration, occasional ones 
were found to show something clearly which 
most hardly show at all. 

Caytonia seeds have been searched for and 
found in only two floras, the Rhaeto-Liassic 
of E. Greenland and the Lower Oolitic of N. 
Yorkshire; but they presumably occur 
wherever Sagenopteris occurs, that is widely, 
and from the Upper Triassic to Middle Creta- 
ceous. They can be extracted from Caytonia 
fruits but isolated ones are commoner and 
usually better. They are preserved as coaly 
compressions and have been studied by mace- 
ration and by various methods of sectioning 
The Yorkshire flora provides C. sewardi 
Thomas and C. nathorsti ( Thomas ), formerly 
Gristhorpia nathorsti Thomas, the Greenland 
Lower Liassic C. thomasi Harris. The three 
ire taken together, C. sewardi being described 
ully and then differences of the others 
pointed out. At the end, doubtful and 
heoretical points are discussed. 


INTRODUCTION 


HERE have been four accounts of 


93 


DESCRIPTION 


External Features — A typical compress- 
ed seed of C. sewardi is nearly flat, ovate, 
1-5 x 1-0 mm. and when broken across is 
0-1-0-2 mm. thick, nearly the whole of this 
being the seed coats, the interior forms a mere 
line. A few seeds have other shapes, hav- 
ing been compressed in unusual planes 
and these suggest that the seed was originally 
oval in section and about 0:6 mm. thick. The 
margins were rounded and seem to have been 
strong, for they may form ridges over the 
seed surface. C. thomasi may have been 
similar, but C. nathorsti is flatter and its 
thickness, when broken, is only 0-05 mm. 
No specimens of it were found which had 
been compressed lengthwise, but a few have 
been compressed obliquely and folded. The 
folds are about 0-2 mm. wide and this may 
indicate the thickness at the moment of com- 
pression (see WALTON, 1936). The surface 
in C. sewardi is covered with a network of 
ridges forming a honeycomb of hexagonal or 
slightly elongated cells, representing the 
epidermis of the testa ( Harris, 1940). The 
corresponding cells of C. nathorsti and C. 
thomasi are longer and their walls scarcely 
project. The base of the seed shows a flat 
hilum (rounded in end view in all species ) 
and the apex shows the micropyle where 
the cells are different, as is described 
later. 

Structure — The middle and base of the 
seed will be described first and then the micro- 
pylar end which is specialized. The parts 
are described under the following names and 
in this order, starting from outside: 

1. Cuticle and epidermal cells of the testa 


2. Outer “ palisade ” stone cells of the 
testa 

3. Inner “ fibrous ’’ stone cells of the testa 

4. “Spotted membrane ” of testa and, at 
the base, the “ chalazal plug ” 

5. Inner epidermis and cuticle of integu- 
ment 

6. Cuticle of nucellus 

7. Aleurone layer of endosperm 


The interpretation of these layers is dis- 
cussed after they have all been described. 
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1. OUTER EPIDERMIS oF Testa (“ blow 
off layer’’ of Thomas )— This has already 
been mentioned. Its cuticle is thin and 
featureless and barely strong enough to 
cohere even when carefully prepared. The 
cell outlines which correspond to the very 
prominent cell walls of the testa are marked 
by fine lines, sometimes barely visible with- 
out phase contrast illumination. The cuticle 
is similar in the other two species. No soft 
tissue exists between the epidermis and stone 
cells of the testa. 

2, 3. THE STONE oF THE Testa (see 
THomas, 1925, Harris, 1933 )— These layers 
form about nine-tenths of the thickness in a 
seed of C. sewardi when broken across. 
Thomas demonstrated both layers by a 
method of sectioning which gave good results 
but with much labour. They can be demons- 
trated more easily by suitably macerating 
the seed; the seed is slightly oxidized in 
diluted nitric acid and then treated for a 
moment with ammonia. It is washed and 
teased as the tissues start to swell and dis- 
solve, but the action can be stopped at the 
right moment by adding calcium chloride. 
This fixes the wall material and the stone 
cells will last in glycerine jelly. Ordinarily 
they dissolve in glycerine even more than 
they do in water. If the solution is not 
arrested with calcium, first the middle 
lamellae of stone cells dissolve, then the thick 
wall layer by layer and finally the cell con- 
tent is left as a granular mass with fine pro- 
jections which filled the pit canals. Even 
this content may dissolve, especially in 
glycerine, but it is more resistant than the 
walls. The outer stone cells ( PL. 2., Fic. 7), 
which are the palisade layer of Thomas, are 
a single layer of cubical or columnar cells. 
Their internal casts are small oval bodies 
with long, radiating or branched appendages 
( pits). The inner stone cells ( fibrous layer 
of Thomas) are longitudinally elongated, 
with square or pointed ends and their internal 
casts ( spicules of Thomas ) are rods provided 
with short arms which occupied the pits. 
The layer of outer stone cells continues over 
the whole seed except near the hilum where 
it is missing. Near the micropyle the cells 
are flatter. The fibrous cells also continue 
over the whole seed and are specially nume- 
rous near the hilum. Both layers in C. 
thomas? are just like those of C. sewardi and 
both yield internal casts. 

The stone is different in C. nathorsti. The 
gap between the nucellus and the outside of 


the testa is only about 0-05 mm. after mace- 
ration as against about 0-1 in the other two 
and when the unmacerated seed is broken, 
the substance of the testa is only half as 
thick. We have until now known nothing 
about its cells except that they never yield 
internal casts of fibres when 
Thomas obtained no good sections and he 
makes it clear that the cells in his restoration 
are surmise; but it now appears that his 
surmise was right. 


etched 


parallel to the seed surface. 
about 20 p across and have thick walls. 
One seed was found to give supporting 
evidence after maceration. The nucellar 
cuticle is cracked and many tiny ‘ dikes’ 
and ‘ veins ’ of resin have emerged and pene- 
trate the tissues of the testa. These veins 


are irregular at first but in the outer layer | 
they constantly form little cylinders at right | 


angles to the surface and usually about 
30 x 10 u. These are presumed to be resin 
casts of the outer or palisade cells of the testa 
( TEXT-F1G. 2). Underneath these cells there 


is nearly a uniform mass of coal showing 


nothing definite by polished sections and 
certainly no fibres such as would be seen in 
C. sewardi. Occasional macerations show 
cells as internal resinous casts. There seem 


to be one or two layers of small oval cells, | 


then the membrane called the spotted layer, 
and then about three layers of small cells. 
These cells have only been seen at the com- 


pressed edges of the seed and there is nothing 
to indicate that they occur on top of the 


nucellus. I presume they are absent there. 


At the base of the seed there is a small gap | 
in the stone, between the hilum and the 


chalaza, originally occupied by other tissue. 


This tissue which is here called the “ chalazal | 


plug ” is sometimes partly preserved in C. 


sewardi, but is more often and more com- | 


pletely preserved in C. nathorsti and C. 
thomast. It is dissolved on long maceration. 


In C. sewardi this tissue is seen as a confused | 
mass of small cells forming a cap over the | 
There is not a cuti- | 


chalaza and hiding it. 
nized membrane, but all the walls of at least 
one layer of small isodiametric cells are more 
or less preserved. In C. nathorsti the tissue 
at its best forms a strand running from 
chalaza to hilum, and again all walls are 
preserved (Pr. 2, Fıc. 9). The inner cells 


macerated. | 


A seed can be embedded | 
without maceration, and then ground and | 
polished and the exposed surface can be | 
It then shows a single layer of cells | 
immediately under the epidermis in a section | 
These cells are | 
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are elongated, but no other details are visible. 
The outer ones are a slightly elongated small- 
celled parenchyma overlapping the chalaza. 
C. thomasi has a chalazal plug like that of 
C. nathorsti ( HARRIS, 1933, Pr. 5, Fie. 5). 
In all species the cells of the chalazal plug 
are preserved in the same way as those of the 
micropylar collar and are discussed with them 
later. 

Layer 4, the “‘spotted layer’, has not been 
reported before. It occurs inside the stone 
and extends from the middle of the micro- 
pylar canal around the inner cuticle of the 
integument and nucellus which it closely 
invests and extends beyond it almost to the 
hilum. It is, however, separated from these 
cuticles by a film of matter that dissolves on 
maceration and at the compressed sides 
extends up to 20 u beyond the inner cuticle 
of the integument, which may indicate their 
original distance apart. It is only seen 
conspicuously in perhaps 5 per cent of seeds 
of C. sewardi and 2 per cent of C. nathorsti 
from the Gristhorpe Bed, so it is not surpris- 
ing that it has been missed. A faint trace 
of it can, however, be found in many seeds, 
while most C. sewardi seeds from some other 
localities show it clearly. It is well seen in 
fully macerated seeds but long maceration 
destroys it, leaving the nucellus. 

When conspicuous, the spotted layer is 
easily seen at a low magnification as a pattern 
of even-sized and evenly spaced brown spots 
(Pr. 1, Fic. 2), recalling the plumage of a 
partridge. The spotted layer is supported 
by the robust nucellar cuticle and was only 
rarely peeled off as a coherent but exceedingly 
delicate membrane. The spotted layer varies 
greatly, even when clearly visible. One ex- 
treme form, seen in C. sewardi, looks like the 
internal casts of small round or oval cells 
without any obviously continuous membrane 
(TExT-FIG. 1). Another (seen chiefly in 
C. nathorsti at the edges of the seed) is a 
delicate continuous membrane without ob- 
vious spots. Occasionally also the spots are 
well developed but after maceration become 
unconnected and drift about inside the cuticle 
of the testa. Sometimes the membrane 
will show conspicuous and regularly spaced 
spots in one region but in another there 
are gaps as though the spots had dropped 
off. 

In C. nathorsti the spots are usually ring 
shaped ( TEXT-FIG. 3 ) as they sometimes are 
in C. sewardi, and look like hollow papillae 
pointing outwards. 


5. INNER EPIDERMIS AND CUTICLE OF 
INTEGUMENT — This layer is never seen alone 
being inseparable from the cuticle of the 
nucellus and shows itself as a set of cell out- 
lines superimposed on it. A very few seeds 
shows the whole epidermal cells (Pr. 2, 
Fic. 8). They form a layer of flat, polygonal 
cells with very conspicuous walls; or the 
walls may partly separate when they form 
flattened oval bags. Normally the cell out- 
lines alone are seen in the cuticle ( TEXT-FIG. 
3), but most seeds show some traces of these. 
In a fifth of the seeds of both C. sewardi and 
C. nathorsti they are clear and the outlines 
form ridges projecting outwards. The cells 
are broader than long (Pr. 1, Fics. 1, 3) 
unlike the nucellus cells which are elongated 
and with walls projecting inwards. Although 
it is never possible to separate this cuticle 
from the nucellus, it may extend a little 
beyond it at the compressed sides of the seed, 
sometimes for as much as 10 u. This layer 
is just the same in C. nathorsti as in C. sewardi. 
I reported the existence of this layer in C. 
thomas? ( HARRIS, 1933 ) and in the other two 
species ( HARRIS, 1940) but I did not see 
the cells. At the chalaza one would expect 
this layer to join the nucellus, but I failed 
to see the union. Both cuticles become 
delicate and the inner cuticle of the integu- 
ment is last seen 20 u above the end of the 
nucellus. 

6. THE NUCELLAR CUTICLE — This robust 
membrane has been repeatedly figured but 
under different names (see THomas, 1925, 
Wit, JUL Ines; 12, 1192 1A, 18, le 26, 27: 
Harris, 1926; Harris, 1933; present paper, 
Pra i, Kies. 4,53 Texmries. 644) tus 
the only part of the seed which survives 
rough maceration and looks almost exactly 
the same in the three species. It forms an 
oval sac, flattened in the fossil, but originally 
open at both ends, and if the beak has been 
torn off, the two ends are similar, except that 
it is thicker towards the micropyle. It 
shows large and often conspicuous elongated 
cells in rows which converge on the micropyle 
and chalaza and at these two ends the cells 
become small and short. The lateral walls 
project inwards and are usually straight, but 
occasionally sinuous. The surface is smooth, 
neither papillate nor pitted, but very occa- 
sionally shows ribbing passing in from the 
side walls (Pr. 1, Fic. 4). The chalaza 
forms a round hole 0-1 mm. wide and here 
the cuticle is delicate ( PL. 2, Fic. 10; HARRIS, 
1935 PERS 21620.) 
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Text-Fics. 1-4 — 1, Caytonia sewardi, spotted membrane isolated. 


x 400. 2, C. nathorsti, edge of seed. 


Some of the spots are missing. 


From left to right, cuticle of integument; 3 resin-filled ‘palisade’ 


cells; spotted membrane with obscure cells inside and outside and nucellus (dark membrane in section 


and surface view. 


cells. x 400. 3, C. nathorsti. 


4, C. sewardi. 


7. ALEURONE LAYER — Although this has 
not been previously reported, both Thomas 
(1925) and Harris ( 1933, 1940) observed 
traces of brown matter which must have 
belonged to it. Harris interpreted the brown 
matter as the megaspore membrane. After 
ordinary full maceration about one seed in 
twenty of both species shows it clearly as an 
organized layer, but a good many more show 
some traces of its cells. In many other seeds 


Elongated nucellar cells overlie granular contents of broad cells of aleurone. 
ponding layers of the other side, visible at a different focus, are omitted. x 400. 


A thin vein of resin has emerged from the nucellus and has invaded occasional 


First layer is spots of spotted membrane (some missing ). 
layer is broad cells of inner epidermis of integument. 


layer, aleurone disintegrated to form a homogeneous mass. 


Second 
Third layer is elongated cells of nucellus. ‘Fourth 
The cells beneath are omitted. x 400. 
The corres- 


the cells have broken down and form a nearly 
uniform mass. Few show nothing. It is 
fairly resistant to maceration, but in the end 
is destroyed before the nucellar cuticle. It 
is possible, if not easy, to detach the nucellar 
cuticle from it and this indicates a film of 
soluble coal between the two, representing 
some disorganized cell wall material. 

At its best, it is seen as a pattern of pale 
lines delimiting angular brown cells. The 
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walls are unrefractive, looking pale on accu- 
rate low focus but dark on high focus ( PL. 1, 
PIG. 5, Text-Fic. 4 ); the refractive contents 
are not quite uniform but show unrefractive 
globules like water drops dispersed through 
an oil. The cells are isodiametric or trans- 
versely elongated and often form indistinct 
transverse rows, though the underlying cells 
of the aleurone of the far side may confuse 
the picture. At the base of the seed the 
aleurone stops distinctly above the chalaza, 
so it is not seen exposed. When less well 
preserved, the cells may round off when the 
nucellus seems to contain a lot of even-sized 
brown globules. Very often the aleurone 
cells run together in transverse rows to make 
dark bars across the nucellus (cf. THomas 
£925, Figs) 12, 13, this paper, Pr. 2, Fie. 9.). 
Sometimes all trace of cell structure is lost 
and the whole nucellus is filled with brown 
refractive matter. 

When well preserved, the aleurone cells 
stop 15 u short of the compressed edges of 
the nucellus and 25 u short under the micro- 
pyle, but when disorganized, the brown 
matter goes to the edge of the nucellus. In 
this state it looks like an ill-preserved mega- 
spore membrane and I reported it as one 
( Harris, 1933, 1940), but on re-examining 
the material I conclude that no seed of any 
of the species shows a definite megaspore 
membrane. 

The upper and lower sides of the aleurone 
layer are pressed together and no organic 
matter remains to insulate them. They 
adhere tenaciously and have not been sepa- 
rated by maceration. There is no relic of 
tissue preserved inside the aleurone layer and 
we know nothing of the inner part of the 
endosperm or embryo, nor at the micropyle 
end of archegonia. 

Apex of the Seed — The apex of the seed 
is often obtusely pointed and the opening of 
the micropyle is at the very top. The micro- 
pylar mouth is flattened in the plane of com- 
pression to a closed crack, and vertically or 
obliquely compressed seeds of C. sewardi 
suggest that it was originally flattened in this 
plane and may have been closed in the ripe 
seed. The micropylar canal is quite free 
from particles of fine mud. In all three 
species the epidermal cells of the integument 
are specialized along the two tracts running 
from the micropyle a short way along the 
edges of the seeds. 

In seeds of C. sewardi which have been 
compressed in unusual planes these tracts 


of cells can be seen on the surface of the seed. 
The outer walls of these cells bulge to form a 
hemisphere or are even higher and the cuticle 
extends conspicuously inwards along all the 
side walls. Over the rest of the epidermis 
it does not extend inwards, and the cell out- 
lines are hard to see. These tracts occur in 
all three species, but are most conspicuous 
in C. nathorsti. 

These specialized, bulging cells around the 
micropyle were distinguished by Thomas, 
who regarded them as an inner integument. 
I made a special study of the cuticle in the 
micropylar region of both C. sewardi and 
C. nathorsti to look for discontinuity. I 
hoped to see a point where two epidermal 
cuticles, one with flat and one with bulging 
cells, suddenly turned inwards and faced one 
another, but I saw nothing of the sort ( see 
TExT-FIGS. 5, 6). The change from the flat 
to the bulging cells, though rather rapid, 15 
not sudden but one or two intermediate cells 
occur. There is often a dip inwards in the 
seed outline at the sides of the micropyle, as 
Thomas noted, or there may be a slight 
obtuse angle here, but the inward or 
outward angle does not exactly coincide 
with the change in integument cells as a 
rule. 

I conclude that there is no morphological 
boundary but only a single epidermal layer 
which is specialized near the micropyle. At 
the mouth of the micropyle the same cells 
occur, but the epidermis dips in to form a 
broad, flattened funnel. 

It is easy to prepare the cuticle of the 
micropylar canal (see THoMAS, 1925; HARRIS, 
1933, 1940). The seed should be thoroughly 
oxidized and then put on a slide and the 
maceration should be completed in the mini- 
mum of ammonia. If it is manipulated or 
if it is moved about in fluids, the micropylar 
canal cuticle is sure to be torn as it is all that 
remains to connect the inside and the outside 
of the seed. In C. sewardi and C. thomasi 
it is about 150 u long, and 70 u. wide, but 
usually a little shorter in C. nathorsti. The 
cuticles of the upper and lower sides are 
inseparably fused and about 1 u thick. The 
cells are strongly marked because cutiniza- 
tion extends back along the whole lateral 
walls. In C. sewardi and C. thomasi it shows 
nearly isodiametric cells, but in C. nathorsti 
they are about twice as long as broad. At 
its base it fits closely over the beak of the 
nucellus, but it is easily torn away here, ei- 
ther removing the beak ( as most commonly 
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lower part of the micropyle canal and top of the nucellus are concealed by collar t 
pylar cells seem to pass gradually into the ordinary ones of the testa. A few of the spotted layer 
spots remain. x 200. 6, C. nathorsti. The micropylar canal is rather long and fits over the | 
i i i i i There is a pollen grain | 
urone layer. A little of the | 
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in C. sewardi) or tearing from it (C. na- 


thorsti ). 

About a quarter of the seeds of C. sewardi 
and half those of C. nathorsti show a tissue 
around the middle or base of the micropylar 
canal which J call the “ micropylar collar ”. 
It is enclosed by the stone and is immediately 
inside the “ spotted layer ”. Thomas ( 1925 ) 
figured it (Pr. 11, Fic. 11) as a possible inner 
integument. In C. sewardi the collar is a 
conical mass of small, round cells of more 
than one layer and with all their walls more 
or less preserved in the best specimens. 
More commonly the cell walls are preserved 
unevenly and there is just a confused mass 
hiding the base of the canal. In C. nathorsti 
(Pr. 2, Fic. 6, Text-Fic. 5) the tissue is 
more elaborate. There is a layer of rounded 
cells with more or less complete walls across 
the base of the micropyle and several layers 
at its sides. This collar tissue extends out- 
wards along the margins of the seed, just 
inside the stone and its cells become elon- 
gated. Less of this tissue is seen as it is 
followed back and it was only rarely traced 
much beyond the middle of the seed, usually 
being lost near the front. These downward 
extensions are only seen at the compressed 
sides of the seed. There is none of the tissue 
in front of the nucellus. 

Two seeds of C. nathorsti show some clearly 
preserved tissue above the ‘collar’, occupying 
the space at the sides of the micropylar canal 
which happens to be rather long. This 
tissue again only exists along the flat edges 
of the seed and there is none on top of the 
micropyle. It consists of about two layers 
of oval cells 40 x 20 à with completely pre- 
served but thin walls. Just outside them 
there are some solid oval bodies of half this 
size, looking like internal casts of small cells. 

This tissue above the collar is not the same 
as the rows of elongated cells or septate tubes 
which Thomas showed in his reconstruction 
of C. nathorsti lying alongside the micropyle. 
I have seen a few seeds which, after macera- 
tion, suggest just such elongated cells, but 
I believe the cells are all epidermal and indeed 
two different kinds were perhaps embodied 
in the restoration. In some seeds the cutini- 
zation of the anticlinal walls of the epidermal 
cells at the mouth of the micropyle extends 
back a remarkable distance, occasionally 
50 u and forms delicate unseptate tubes 
almost parallel with the micropylar canal 
and close to it. In other seeds the ordinary 
epidermal cells of the testa form rather cons- 


picuous longitudinal rows near the apex of 
the seed and their crushed cuticles show the 
longitudinal walls conspicuously, but the 
transverse faintly. They form obscurely 
septate cell rows like his figure, but they are 
external and not really close to the canal. 
It should be possible to trace the cuticle of 
the micropylar canal down over the nucellus 
where it would become the cuticle of the inner 
epidermis of the integument. In a few seeds 
( TEXT-FIG. 6) this may be possible, but it 
is far from clear. In most seeds the top of 
the nucellus is so thickly cutinized that it is 
impossible to see whether any delicate cuticle 
exists outside it. 

The nucellus is often flat or slightly hollow- 
ed near the seed apex, but just below the 
micropyle it is suddenly raised to form a 
short nucellar beak (this beak is the same 
as what Thomas called the plinth of the 
megaspore ). In C. nathorsti the beak is 
usually large and conspicuous, being thicker 
walled than the micropylar canal which fits 
round-it>( Tuomas, 1925) Pra Ji hie.11), 
but it may be short and hardly distinguish- 
able. In C. sewardi it is smaller and less 
thick walled, but I believe generally present, 
unless torn off with the micropylar canal. 
C. thomasi seems like C. sewardi. The apex 
of the beak is uncutinized and forms an open 
hole, and it must have been open in life, since 
in suitable preparations of all species pollen 
grains are to be found inside the beak, just 
below its base. 

The cells of the nucellus converge on to the 
beak, and as they approach it, become more 
thickly cutinized on both surface and side 
walls. At the base of the beak the cuticle 
is very thick and forms a dark brown mass 
in which it is hard to see details, unless mace- 
ration is long continued. At the beak, the 
cuticle becomes rather less thick again 
( especially in C. sewardi ). In both this and 
C. nathorsti | convinced myself that the beak 
is the true upward continuation of the nucel- 
lus. In both species the beak is round in 
section. 

Pollen grains agreeing with Caytonanthus 
have been seen repeatedly in seeds of all the 
three species. They are best shown by mace- 
rating seeds rather fully and then clearing 
them with ammonia carefully on a slide. 
The main difficulty is that the grains are 
hidden by the dark nucellar cuticle, since 
nearly all are at the base of the beak. 

Just below the micropyle the aleurone 
layer is separated by a slightly wider gap 
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from the nucellus than it is at the sides of 
the seed. Its cells are rather hidden by the 
dark cuticle of the nucellus and seem a little 
smaller than usual. It was impossible to tell 
whether any gap in the aleurone layer, such 
as is shown in the present restorations, occurs 
below the nucellar beak. 


DISCUSSION 


1. THE GENUS Gristhorpia — Thomas 
decided that the differences between the two 
Yorkshire species, sewardi and nathorsti 
warranted their generic separation and he 
instituted the genus Gristhorpia. Since then 
we have learnt more about the leaves and 
about the microsporophylls of the two species 
and they prove very similar. A third species 
C. thomast has been found and again the other 
organs are like corresponding ones of the 
others. Its fruits and seeds are like C. 
sewardi in some respects and C. nathorsti in 
others. Most of what were supposed to be 
generic differences between C. nathorsti and 
C. sewardi proved on further study to be ones 
of relative size and shapes of closely cor- 
responding parts and thus of specific rather 
than generic value. One difference of those 
Thomas gave still survives, and that is in the 
seed; C. nathorsti has no fibrous layer but the 
other two species have one. I judge this 
difference too small to make useful generic 
separation and accordingly nathorsti is in- 
cluded in Caytonia. This follows what 
Harris proposed earlier (1940) but with 
rather less evidence. 

2. MORPHOLOGY — The restorations of the 
Caytonia seeds given by Thomas (1925), by 
Harris (1933) and thepresent ones (TEXT-FIGS. 
7, 8) illustrate the growth of our knowledge 
and changes in our ideas. The changes in 
1933 were a greater emphasis on cutinized 
layers; a single integument is shown instead 
of two; pollen has been seen in the micro- 
pylar canal and the nature of the cuticle of 
the (free) nucellus has been realized. Too 
few delicate cells were shown inside the stone 
of the seed and a new error is the interpreta- 
tion of the decomposed aleurone as a mega- 
spore membrane. In the present restorations 
the cuticle of the testa is shown on the outer 
wall of the epidermal cells; pollen is shown 
in the pollen chamber of the beak of the 
nucellus; many more delicate cells are shown 
inside the stone; the inner epidermis of the 
integument (rather doubtfully recognized 
in 1933 ) is now seen clearly; the cells of the 
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aleurone layer are recognized. The cuticle 
of the megaspore is abolished. 

The morphological identification of several 
parts of the Caytonia seed is secure, but of 


others is by no means self-evident. The 


nature of some can be guessed from their 


resemblance to part of a recent seed ( though 
of an unrelated plant ) and still others must 
be left open. 
the Caytonia seed is plainly unfinished. 


The epidermis of the integument or testa, | 


its stone cell layers, its micropyle and hilum 
seem secure facts of observation. The parts 
called the micropylar canal and the nucellus 


with its beak and chalaza and also the inner | 


cuticle of the integument, which are all 
identified by comparison with living seeds, 
seem almost as secure. The aleurone layer 
is perhaps less safe, though identified in the 
same way. 
“spotted layer’ is left entirely open as is 


that of the ‘micropylar collar’ and ‘chalazal 


plug ’. 


I have concluded that the testa is formed | 


from a single integument and not two as 
Thomas believed. The question is important 
and if there were an inner integument, it 
would offer a possible interpretation of the 
spotted layer and perhaps of the micropylar 
collar also. 
integument because the way the epidermis 
seems to behave at the micropyle excludes it, 
but no doubt I could be mistaken in what I 
think I saw, since the parts are tiny and 
rather difficult to see. If there were an inner 


integument, it must extend from the chalaza | 


up to a certain level: it could end at or below 
the bottom of the micropylar canal or part 
way up the micropylar canal, or it could form 
the whole canal and micropyle and end just 
outside the seed, as Thomas believed. I 
know no fact in favour of an end below the 
micropylar canal, but this cannot be exclud- 
ed. An end opposite the micrepylar canal 
is ruled out because it would mean that the 
lower part of the canal would be formed by 
the inner integument and the upper part by 
the outer integument, and there would be 
discontinuity in the cellular lining of the 
canal. There is no discontinuity. The last 
possibility that it forms the whole micropyle 
is more serious as there is a change in the 
epidermis just outside the micropyle, as 
Thomas made it clear and emphasized in his 
restorations. The epidermis of the micro- 
pyle is formed by bulging cells, but a short 
way from it they give way to flat ones (in 


This last part of the work on | 


The morphological nature of the | 


I decided that there is no inner | 


| 
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Palisade stone cells 


Epidermis of integument 


Spotted layer 


Inner cuticle of 
integument 


Nuceller cuticle 


Palisade stone cells 


Epidermis of integument 


Fibrous stone cells 


Spotted layer 


Inner cuticle of 
integument 


Nuceller cuticle 


TEXT-FIGS. 7, 8 — 7, Restoration of micropylar part of Caytonia nathorsti. 
Firm lines represent cutinized walls and other firm parts; dotted lines represent 
Both seeds are compressed in the usual plane and the 
In a longitudinal section at a right angle to this 


sewardi. x nearly 200. 
parts which are obscure or not seen at all. 
tissues are those seen at the edges of the seed. 
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8, Micropylar part of C. 


some of the tissues would be less developed or absent. 


C. nathorsti and C. thomast ) or hollow ones 
(in C. sewardi). The difference is visible 
before maceration, but plainer after. At the 
sides of the seed the change happens at about 
200 u from the micropyle, but above and 
below it happens at its edge. 

The change in the cells is rapid but not 
perfectly abrupt, and at the compressed 
edges of the seed there are about three tran- 
sitional cells, and on the surface one or two 
such cells ( TEXT-FIGs. 5, 6). I have never 
seen the two cuticles suddenly bending in- 


wards or overlapping the other, or anything 
suggesting that, and though there is often 
a change in the seed outline, a bulge or a 
hollow at about the same level, they do not 
exactly coincide with the change in the 
epidermis. 

Layer 1, the epidermis of the seed, is shown 
as a clear epidermis in my restorations, but 
it was not at first regarded as an epidermis, 
or at least not an ordinary one. Thomas 
called it the ‘“ blow off layer ” and compared 
it with the outer layer of certain Palaeozoic 


102 THE PALAEOBOTANIST 


seeds called by that name. He believed that 
its outer wall was lacking, and that its cuticle 
lined the inner wall. Harris ( 1940 ) showed, 
however, that it was in the ordinary position, 
but that in C. sewardi, where the outer wall 
has collapsed on to the floor of the cell, ıt has 
taken the cuticle with it, so it is seen on the 
floor of the cell in section. Many recent 
seeds have a pitted surface formed by sunken 
epidermal cells. 

The abrupt end of the epidermis and cuticle 
at the hilum is as expected but the change 
in the character of the cells at the micropyle 
is not explained. The thinness of the cuticle 
of the testa of Caytonia is perhaps significant 
for it is usually thick in Gymnosperms and 
thin in Angiosperms. This may be related 
to the enclosure of the seeds of Caytonia, but 
in most Gymnosperms the seeds develop in 
nearly full shelter. The cuticle of the micro- 
pylar canal continues the bulging cells of the 
mouth of the micropyle. It matches the 
micropylar canal of most Gymnosperm seeds 
but its cells are more strongly marked than 
usual because cutinization extends inwards 
along side walls. It is fully as thick as the 
outer cuticle of the integument. It is unlike 
the micropylar canal of normal Angiosperm 
seeds where scarcely any cuticle exists. 

The cells of the micropylar canal continue 
in an unbroken series to the base where it 
closely overlaps the cuticle of the nucellar 
beak and since it fits closely, pollen grains 
going down the micropyle would not be able 
to escape into the space between the nucellus 
and the integument. I have seen a few 
spores on the surface of the nucellus but they 
are outside the inner cuticle of the integu- 
ment and I feel sure they had penetrated 
from outside through cracks in the fossil seed. 
None of these stray spores is of Caytonanthus. 

Thomas fully recognized the natures of 
layers 2 and 3 forming the stone of the seed 
in C. sewardi and also of their internal casts 
which he called spicules. We do not know 
why such casts should be formed, but about 
25 per cent of the seeds show them clearly 
and 25 per cent indistinctly, the rest not at 
all. It is the presence of the casts which 
needs to be explained, not their absence, for 
they are not seen in most other fossil seeds. 
The preservation of these and of some other 
uncutinized parts is discussed later. 

Layer 4, the spotted layer, is not satisfac- 
torily understood. It seems to have a very 
delicate continuous membrane just like a thin 
cuticle (but cell outlines have not been 


clearly seen) and the spots occur on this, 
often in longitudinal rows. The preserva- || 
tion of this membrane and of the spots seems | 
independent, and it is rare for both to be | 
clearly preserved. Well-developed spots in | 
C. sewardi ( where they are commonly solid) | 
look like solid epidermal papillae or alter- | 
natively internal casts of small, thick-walled | 
cells. The spots of C. nathorsti are com- | 
monly hollow and look like hollow epidermal | 
papillae pointing outwards and it seems hard | 
to account for their shape which is that of 
an open-mouthed sac on any other basis. I ! 
have represented them as epidermal papillae | 
in my reconstruction but I am not satisfied | 
that this is right. In particular it fails to | 
account for specimens in which the mem- | 
brane is coherent but some of the spots have 
apparently become detached ( TEXT-FIGS. 1, 
3,5,6). Whatever its nature, it was clearly | 
a definite part of the original seed. | 

Layer 5, the inner epidermis and cuticle 
of the integument, was identified by its | 
resemblance to this layer in various Gymno- 
sperm seeds. In Cycas, for example, the free 
part of the integument was an inner epidermis 
and a delicate, inward-facing cuticle and the 
nucellus has an epidermis and a delicate out- 
ward-facing cuticle. Where the integument 
and nucellus are adnate ( “‘ fused ”” ), the two 
epidermises join and below that there is no 
cuticle at all. In the similar fossil, Beania, 
the two cuticles have been pressed together | 
and have adhered inseparably to form what 
is in effect one cuticle with two sets of cell 
outlines, which can be seen to become united 
where the cuticle ends below. At the sides, | 
the integument cells project a little beyond | 
the nucellus, and at the top they continue 
up as the micropylar canal. It is just like | 
this in Caytonia, except that continuity with 
the nucellus below and the micropyle above 
was not fully demonstrated. However, in 
support, there is the fact that the boundary 
walls of the integument cells project out- 
wards, and of the nucellar ones inwards. As 
mentioned, in a few specimens the whole | 
anticlinal walls of these cells are preserved, 
making them conspicuous. 

Layer 6, the cuticle of the nucellus, was 
described by Thomas under the name 
“ megaspore membrane”’, but later recog- | 
nized as the nucellus ( Harris, 1933, 1940, | 
1954). Perhaps it was at first regarded as 
the megaspore because it is the innermost 
cuticle, but its characters are those of the 
nucellus of recent plants, especially Angio- 
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sperms and not those of a megaspore mem- 
brane. In the ripe seeds of nearly all the 
Angiosperms I have macerated ( belonging 
to a good many families ) the nucellus has a 
well-developed cuticle extending from a 
small chalaza over almost the whole surface 
and thus nearly enclosing the embryo sac. 
It has no obvious perforations and the cells 
of the nucellus have a flat outer wall and the 
cuticle extends well into the anticlinal walls, 
making obvious cell outlines. Of course, no 
pollen chamber ( Thomas’s plinth ) exists in 
the apical part of Angiosperms, but this 
organ is to be seen in most fossil Gymno- 
sperms, where it is often like that of Caytonia. 
The greater thickness of the cuticle of the top 
part of the nucellus is a feature of many 
Gymnosperms and of some Angiosperms; I 
do not know its meaning. 

Thomas, it is interesting to note, recog- 
nized and named the chalaza and nucellar 
cell outlines and suggested that the beak 
or“ plinth ” was an ancestral pollen chamber, 
though he had seen no pollen in it. His 
restoration of C. nathorsti shows it more or 
less open above and in all this he foreshadow- 
ed its interpretation as nucellus. He re- 
garded this “ beak”’ as a “ fairly constant 
feature ” of C. nathorsti but absent in C. 
sewardi. I would say it is merely larger and 
less easily pulled off in C. nathorsti than in 
the other two species. The cuticle of a 
megaspore membrane is quite different. 
Angiosperms in general have none, but it is 
well-developed in nearly all recent and fossil 
Gymnosperms, with exceptions given later. 
It is a rather thick sac of cuticle, essentially 
non-cellular (or a single enlarged cell) and 
does not usually show any imprint of the 
adjacent nucellar cells. It has no chalazal 
opening and only the most minute archego- 
nial openings, not ordinarily seen in fossils. 
It is almost evenly thick and is covered with 
small granules which are the end views of 
minute rods. 

It is often hard to see the pollen grains at 
the bottom of the pollen chamber in Caytonia 
because the nucellar cuticle is so thick as to 
conceal them. 

However, a good many seeds of all three 
species show them and all the grains seen 
clearly in this position are Caytonanthus. A 
very few other grains have been seen in 
micropyles, or outside micropylar canals, 
having, I think, penetrated cracks in the 
fossil. Since pollen occurs inside the micro- 
pyles of the seeds, Caytonia is technically a 


Gymnosperm, in spite of its nearly closed 
fruits. Its claim to be regarded as close to 
the Angiosperm ancestors thus seems less 
insistent than formerly, but the claim stands 
nevertheless. 

If Caytonia had a cutinized megaspore 
membrane like most Gymnosperms, it would 
surely be seen and I emphasize its absence 
even though it may in general be dangerous 
to build on what a fossil does not show. It 
is true I reported vestiges of such a mem- 
brane (Harris, 1933, 1940), but I now 
realize this was the aleurone in an ill-pre- 
served state. The best seeds show nothing 
resembling such a membrane. 

Layer 7, the aleurone, is clearly the refrac- 
tive and oily contents of a single layer of 
cells, but there is nothing to show that it is 
inside the embryo sac. There is a minute 
amount of soluble matter between the aleu- 
rone and the nucellus, but there is never any 
within the aleurone and it is impossible to 
separate the upper from the lower layer of 
aleurone cells in the compressed seed. Nor 
is there any suggestion of more than this 
one layer lining the nucellus, so it looks as 
if no solids at all remained inside the aleurone 
at the time the seed was crushed. The 
aleurone layer is single and not just the 
outermost layer of a massive endosperm. 

No seed Caytonia shows anything suggest- 
ing archegonia or embryo. This calls for no 
explanation as their absence is normal in 
compressed seeds of Cycads and Conifers 
which doubtless possessed embryo and a 
massive endosperm too at the start of preser- 
vation. It is gratifying when a compression 
shows anything at all of its inner parts. 

While the various cell layers that have been 
recognized must make up nearly all of the 
thickness of the testa, there may be layers of 
delicate cells inside the stone of which we 
know nothing. We do know of the existence 
of certain uncutinized layers because there 
is a film of coal between the cuticles which 
dissolves on maceration and because suc- 
cessive cuticles may stand a little apart at 
the compressed edges of the seed. There is 
nothing to show how many cells are involved 
and in general my restorations show the 
minimum. No vascular tissue has been seen 
in the seed and none is shown. 

The gap of about 10 u. between the aleurone 
cells and the nucellar cuticle is shown in the 
restorations as occupied by the nucellar 
epidermal cells and the imaginary embryo 
sac or megaspore wall. The gap between the 
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nucellar cuticle and the inner cuticle of the 
integument is, however, unoccupied since 
there is no coal between them. Between the 
inner cuticle of the integument and the 
spotted layer, two cell layers are shown in 
C. sewardi but more in C. nathorsti, where 
there is direct evidence that they exist. The 
spotted layer is shown as a layer of papillate 
cells with a delicate cuticle, and another layer 
has been put between it and the stone, per- 
haps gratuitously. 

3. The Preservation of Uncutinized Parts — 
As has been noted repeatedly, certain uncuti- 
nized parts of Caytonia seeds may be pre- 
served but this preservation is inconstant, 
or even very exceptional. These are the 
tissues called the ‘ micropylar collar’ and 
“chalazal plug’ and in C. nathorsti tissue 
above the micropylar collar and also small 
cells underneath the spotted layer. In both 
species there is the aleurone tissue. In many 
seeds of C. sewardi internal casts are preserved 
in both layers of stone cells and in a very few 
seeds the whole cell walls of the inner epider- 
mis of the integument are clearly seen in a 
macerated seed. We need to know why all 
these parts should sometimes be preserved. 

I suggest that the explanation of the 
“micropylar collar’ and the ‘ chalazal plug’ 
is that after the seed was buried and its 
tissues died, oil moved out from the two small 
openings of the cutinized nucellus, the beak 
and the chalaza and penetrated the adjacent 
parenchyma around the micropyle and the 
chalaza. Here it either lined the cell walls 
fairly evenly or collected chiefly in inter- 
cellular spaces. If such movement occurred, 
it was not, however, gross injection such as 
is seen in Text-fig. 2, but a molecular diffu- 
sion. The oil then hardened into a resin more 
resistant to oxidative maceration than the 
coal formed out of cellulose and lignin, but 
slightly less resistant than cuticle. 

Where the intercellular spaces were chiefly 
filled, the tissue is seen as a network with solid 
nodes as is commonly found in C. sewardi but 
occasionally in C. nathorsti and where the 
whole cell is lined, the walls are sometimes 
complete and the cell looks like an ordinary 
parenchyma cell. The inner epidermis of 
the integument is sometimes preserved in 
this way, and sometimes, too, the cell linings 
have contracted so that the cells are rounded 
sacs. Ina few seeds of C. nathorsti the cells 
of the collar region are preserved differently, 
as little oval blocks of granular matter like 
internal casts. Similar casts occur in a few 
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seeds both underneath the delicate spotted 
membrane and just outside it, and also in | 
the spaces above the collar and around the 
chalazal plug. | 
This explanation is supported by a few | 
exceptional seeds of C. nathorsti which show | 


‘ vertical dykes ’ of resin exuding from cracks | 


in the nucellar cuticle extending right through 
the testa. 
resistant to maceration than cuticle. One 
seed has been mentioned in which numerous | 
small resin veins have penetrated individual 
cells. In another seed large masses of resin 
occupy its compressed margins, dying away | 
near the micropyle, and where the resin is | 
less abundant, the cellular tissue of the 
micropylar region is preserved exceptionally 
clearly. 

I suggest that the internal casts of the stone 
cells of C. sewardi were formed from their | 
original contents and are not an invading 
material. They are unconnected with the 
contents of the nucellus and the preserved 
fossil contents seem chemically different from 
that of the chalazal plug, micropylar collar 
and the resin veins exuding from the nucellus. 
When moderately macerated, the stone cell 
casts are very apt to dissolve in glycerine 
unless fixed with calcium cations. The 
micropylar collar tissue and the chalazal plug 
do not dissolve in glycerine. 

I have experimented with the stone cells 
of the coconut, where there is a dark brown 
substance occupying the cell interior. When 
macerated, this substance proves more soluble 
than the lignified cell walls; but when the 
nutshell is gently roasted, it becomes much 
more resistant. Then on maceration the 
contents remain as isolated internal casts, 
armed with projections which originally 
occupied the pits, exactly as in C. sewardt. 
Also as in C. sewardi the casts slowly dissolve 
in glycerine or in dilute alkali. The fossil 
seeds have not been roasted, but the process 
of compression over a long period might 
produce a similar chemical change. I ima- 
gine that those seeds which do not produce 
casts had undergone some preliminary decay 
which destroyed the contents and the fact 
that the casts of the outer cells are less often 
seen than those of the inner ones suggests 
that this might be atmospheric oxidation. 

I would compare the aleurone cells to the 
green oil containing cells under the nucellar 
membrane of Cucurbita. The best preserved 
aleurone cells are solid blocks of refractive 
oily cell contents containing dispersed water 


This resin is only a little less Il 
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drops. The material is very resistant to 
maceration, and the oil may well be the 
origin of the resinous veins emerging from 
cracks in the nucellus of certain seeds and 
also of the resinous matter which preserves 
such tissues as the micropylar plug and the 
nucellar collar. 

It is rare for uncutinized parts of plant 
compressions to be preserved through mace- 
ration but some examples are known. There 
is the seed Allicospermum  retemirum 
( Harris, 1944) in which the intercellular 
Space system of the stone is preserved as a 
3-dimensional network of rods. A few leaves 
such as species of Ptilophyllum and of Sage- 
nopteris may show their palisade and spongy 
mesophyll cells and in Pseudoctenis oleosa 
Harris (1950) so much of the mesophyll is 
preserved that it is hard to separate the 
cuticles. An aleurone layer, very similar 
to that of Caytonia is preserved in the isolated 
seeds described by Pant ( 1958); and traces 
of them seem to exist in Wielandiella ( where 
they have not been described) and in 
Elatides ( Harris, 19434 ). 

I cannot account for the spotted layer 
satisfactorily on these lines because it often 
looks like a true cuticle; it has only its in- 
constancy of preservation in common with 
these other tissues. 

4. General Comparison — Most seeds, liv- 
ing and fossil, have cuticles which place 
them in one of two groups. On the one hand 
we have the majority of Gymnosperms 
(Cycads, Gingko, Conifers, Pteridosperms ) 
in which the megaspore has a strongly deve- 
loped granular cuticle and the nucellar cuticle 
is thin and often covers only part of the 
megaspore. On the other hand, we have the 
type widespread and perhaps normal in 
recent Angiosperms in which the embryo sac 
has no cuticle at all but the nucellus is 
strongly cutinized and almost covers the 
embryo sac, apart from a minute chalazal 
gap. Thus in each there is a single almost 
complete cuticle deep in the seed coat. 

There is evidence in a few Angiosperms 
that the nucellus has limited permeability of 
a remarkable kind, but I know of no work 
on Gymnosperm seeds. However, I suggest 
that these cuticles in both great groups are 
more likely to be organs performing functions 
today than surviving functionless vestiges 
of free megaspore walls or of free mega- 
sporangia. 

In this respect Caytonia seeds are like 
Angiosperms and differ from the Gymno- 
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sperms mentioned. They deserve full and 
careful comparison with Angiosperms, but 
this is not attempted here because to do so 
would take many years’ study; I have merely 
compared them with a few chosen at random. 

We know a few other fossil Gymnosperms 
which agree in this respect with Caytonia and 
the Angiosperms. The most similar are the 
isolated mesozoic seeds Amphorispermum 
( Harris, 1932, 1943b ) which, however, are 
so like Caytonza in all respects that they may 
represent otherwise unknown species of that 
genus. They do not help us to understand 
Caytonta. 

The seeds described by Pant (1958) as 
Spermatites crystallinus and S. tetrapterus 
from African Glossopteris beds of Permian 
age are more interesting, particularly because 
they may well belong to Glossopteris. In 
them also, the nucellus is well cutinized and 
complete, apart from a minute chalaza and 
there is no megaspore membrane. As in 
Caytonia, the nucellus bears the imprint of 
the adjacent inner epidermal cells of the 
integument. They agree further in possess- 
ing cells like the aleurone of Caytonza and in 
having a delicate cuticle round the testa. 
In other respects they differ or perhaps are 
merely not well enough understood to be 
properly compared with Caytonıa. 

The most similar seed in a classified fossil 
is that of Wielandiella first seen by Nathorst 
at the beginning of this century, and discussed 
by Harris ( 1932, 1954). Here, again, the 
integument is thinly cutinized, but the 
nucellus is thickly cutinized and it bears the 
imprint of the adjacent cells lining the in- 
tegument. Its chalaza is minute and there is 
no cutinized megaspore membrane, but there 
are traces of aleurone-like cells. Other 
Bennettitales are less similar and there must 
be a great range of seed structure among them 
but in none of those studied by maceration 
is there a megaspore of the Cycad type. 

Other features of Caytonia are distinctly 
Gymnospermous and not Angiospermous. 
There is the apparently single integument 
(most Angiosperms have two); and more 
important, the well-cutinized micropylar 
canal, a feature of perhaps all Gymnosperm 
seeds and absent, so far as I know, in Angto- 
sperms. The nucellar beak, forming a pollen 
chamber, is by definition non-Angiospermous, 
but is found in most Gymnosperm orders. 

The seed of Caytonia shows a mixture of 
the features of Angiosperms and of various 
Gymnosperm orders, so indeed do its other 
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organs. They suggest phyletic relations 
and at the same time baffle attempts to 
relate, except at the cost of shutting the eyes 
to unexplained differences. We may hope 
that with further knowledge differences may 
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be understood and found unimportant and 
the numerous Gymnosperm orders, which 
are so tiresomely separate in the classification 
of today, will be conveniently and convinc- 
ingly linked. 
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EXPLANATION OF PLATES 


PLATE 1 
Caytonia sewardi 


1. Edge of nucellus showing broad cells of inner 
epidermis of integument and fragments of spotted 
layer projecting beyond it. x 400. 

2. Spotted layer covering nucellus and projecting 
beyond the chalaza. x 200. 

3. As Fig. 1, but inner epidermal cells of integu- 
ment broader and spotted layer less distinct. x 400. 

4. Nucellus, no other cell layer preserved. Short 
ridges project inwards from the lateral walls. x 200. 

5. Nucellus and aleurone. In the lower part 
(deep focus) the broad aleurone cells have pale 
outlines, in the middle the elongated nucellar cells 
are seen, and at the top (high focus) the aleurone 
cells have dark outlines. x 400. 


PLATED 


6. C. nathorstt, micropylar region, showing tissue 
of the “‘ micropylar collar’? above the nucellus. 
x 200. 

7. C. sewardi, partly macerated stone cells dis- 
sected off as a coherent sheet and fixed with calcium 
chloride. x 400. 

8. C. sewardi. Nucellus surrounded by inner 
epidermis of integument, whole cell walls pre- 
served. A few cells on the left have shrunk into 
oval sacs. x 100. 

9. C. nathorsti. Base of seed showing tissue 
of “ chalazal plug’ extending to the hilum. 
x 100. 

10. C. sewardi, base of seed showing chalaza and 
delicate cuticle of integument. The aleurone cells 
have formed transverse plates. x 100. 
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ARCHEOZOSTERA, A NEW GENUS FROM UPPER 
CRETACEOUS IN JAPAN 


K. KORIBA* & S. MIKI 
Osaka City University, Osaka 


INTRODUCTION 


T HE fossil was collected from the Izumi 

I Sandstone, the age of which belongs 

to Upper Cretaceous. The shape of 

the fossil is preserved in good state by sandy 

matrix, but the inner structure of fossil is 
not enough. 

The fossil has been recognized in Japan as 
Iris-Stone or fucoid by external shape, but 
it differs from /ris by the attachment of 
seed, winged stems and the structure of leaf. 

We have proposed the name Archeozostera 
by one side attachment of the fruit on long 
spike, enclosed by spathe-like leaves, branch- 
ing modus, and by habitat place. 

In this paper, the characters and affinity 
of the fossil are described. 


DESCRIPTION 
Archeozostera gen. nov. 


Localities — The fossils were mostly collect- 
ed from Izumi, Osaka Pref., Southern Awaji, 
Hyogo Pref., Itano-gun, Awa-gun and Mima- 
gun, Tokusima Pref., Kagawa-gun, Ayauta- 
gun and Mitoyo-gun, Kagawa Pref. and some 
from Yuhutu-gun in Iburi Pref., Hokkaido. 
The Geological age belongs to Upper Creta- 
ceous ( TEXT-FIG. 1). 

Character — The shoot is found usually 
somewhat concaved, ascending upward and 
composed of 3 parts, viz. broadly axial:part, 
lower part with regularly alternate vegetative 
leaves and upper part with congested flower- 
ing leaves. 

AXIAL Part — The axial part is a stem 
with broad wing on both sides as in PI. 2, 
Figs. 5,6. The shape of stem part is elliptic, 
and its structure is homogeneous and is 
lacunous with parenchymatous tissue (PL. 2, 
ice 8). 

LOWER Part — Arrangement of lower 
vegetative leaves on stems is alternate and 
regular (Pr. 1). Their cross-section at 
middle part is flat with distinct midrib 
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beneath ( PL. 2, Fics. 6b, c). At a glance 
their external shape did not differ from upper 
leaves by waved impression of midrib ( Pr. 1, 
Fics. 1-4). 

The lateral section of remote part from the 
stem shows that the basal leaves locate higher 
level than that of upper leaves by the attach- 
ment on curved stem ( PL. 2, Fig. 6c). The 
leaves have thick midrib as shown in PI. 2, 
Figs. 5d, 6c. Their lower part grasped the 
stem but did not form a sheath. 

UPPER PART — The terminal part is con- 
gested with many large leaves ( PL. 1, Fics. 
3, 4), which differ from lower leaves by being 
involute on both margin, without thick 
midrib beneath but with axis adhering to 
the innerside in the middle part (PL. 2, 
Fic. 7 ), and the cross-section of which is flat 
elliptic. 

The character of flowering shoot is common 
to that of Araceae, Zosteraceae and Sparga- 
niaceae. Upper leaves bear one row of fruits 
on the axis ( PL. 2, Fic. 9), therefore, upper 
leaves of the fossil are considered as the 
spathe including spadix on the peduncle 
but the demarcation between peduncle and 
stem is not clear enough, because of winged 
stem. 

FLOWER AND FRUIT — Flower is unknown. 
Fruits are found in one row overlapping just 
as in Phyllospadix on the spathe leaves 
(Pr. 2, Fic. 9). The spadix is considered 
as adhesive to spathe leaf ( PL. 2, Fic. 7). 

Consideration of the Habitat — The fossil 
plant is considered as a submerged water 
plant, because of nearly the same height of 
reproductive leaves and lacunous stem with 
parenchymatous tissue (Pr. 2, Fic. 8). 

The growing place is probably a shallow 
bay, judged from its hemiprostrate shoot, 
undifferentiated leaves and the association 
of marine fossils such as coral and ammonite. 

Large involute spathe of the plant is con- 
sidered as a flower floating organ, because 
it is cymbiform and nearly at the same height. 
The character is common to that of other 
water phanerogamic plants. The complexity 
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of the upper flowering part is considered by 
rhipidate branching of lateral shoot like 
Zostera ( TEXT-FIG. 2). 


AFFINITY 


The characters mentioned above and its 
habitat remind Zostera and Phyllospadix 
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(0) Reproductive leaf short: 15 cm.... 
Archeozostera pinnata 


Archeozostera lineata Koriba et Miki 
Pl. 2, Fig. 11; Text-fig. 3A 
Koriba and Miki ( 1931 ) 22 


Shoot 40-50 cm. high, vegetative leaves 
narrow: 5 cm. long, 0-7 cm. wide. Repro- 


IU, Sh 


because of the attachment of the flower 
on one side of long spadix, the branching 
modus of flowering shoot, but the plant 
differs from them by the adhesion of spadix 
to the spathe, winged stem and undifferen- 
tiated sheath. 

The character of spadix enclosed in spathe 
shows intimate relation to Araceae especially 
to Acorus calamus. 

The fossil has intermediate characters 
between Araceae and Zosteraceae, but the 
adaptation to an aquatic habitat is less 
marked than in Zosteraceae with some- 
what stiff leaves and undifferentiated sheath. 


SPECIES INCLUDED IN THE GENUS 


The size and the shape of water plants vary 
considerably by the different environmental 
condition and maturing stage. Simple ter- 
minal shoot is a form of young stage instead 
of complex one being the mature state. 

7 species have been described in the pre- 
ceding paper but it is reduced to 4 species. 

A) Shoot small: 30 cm. high, top of leaf 

recurvede 2. Archeozostera minor 

B) Shoot large: 50-60 cm. high 

(a) Reproductive leaf long: 30-35 cm. 
i. Shoot and leaves narrow... Ar- 
cheozostera lineata 
ii. Shoot and leaves broad... Ar- 
cheozostera longifolia 


ductive leaves narrow-long: 25 cm. long, 
2-5 cm. wide. 
The species is identified from Archeozos- 
tera pinnata by narrow long leaves. 
Archeozostera longifolia Koriba et Miki 
Pl. 1, Figs. 1,4; Text-fig. 3B 
Koriba and Miki ( 1931 ) 22 


Archeozostera simplex Koriba et Miki 
(19319) 520 

Archeozostera angustifolia Koriba et Miki 
1931320 


Shoot large: 60 cm. high, vegetative leaves 
broad: 10 cm. long, 1:5 cm. wide. Repro- 
ductive leaves large and recurved: 30-35 cm. 
long, 3 cm. wide. 

The species is identified from Archeozostera 
pinnata by long and recurved spathe leaves. 


Archeozostera minor Koriba et Miki 
Pl. 2, Fig. 9a; Text-fig. 3D 
Koriba and Miki ( 1931 ) 23 


Shoot small: 30 cm. high, vegetative leaf 
narrow and recurved: 10 cm. long, 1 cm. 
wide. Reproductive leaves recurved: 1-5 
cm. long, 2 cm. wide. 

The species is identified from other species 
by small size and recurved leaves. 
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Archeozostera pinnata Koriba et Miki 
Pl. 1, Fig. 3; Text-fig. 3C 
Koriba and Miki ( 1931 ) 22 


Archeozostera brevifolia Koriba et Miki 
(1931) 20 
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Shoot hemiprostrate: 40 cm. high, vege- 
tative leaves short, not recurved: 6 cm. long, 
1 cm. wide. Reproductive leaf short and 
broad: 15 cm. long, 2 cm. wide. 

The species is identified from Archeozostera 
minor by broad leaves and not recurved top 
of leaves. 
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EXPLANATION OF PLATES 
(Scale mm. units) 


PLATE 1 


‚4. Aycheozostera longifolia Koriba et Miki. 
. From Tanagawa-mura in Sennan, Osaka Pref. 
x 


1 

1 

ae 

5 

4. From Miyagoti in Itano-gun, Tokusima Pref. 
x} 


. Archeozostera pinnata Koriba et Miki. From 
Soryudani in Ebara-tyo, Mima-gun, Tokusima Pref. 
20% Sex 4 
PLATE 2 
5. Cross-section of lower part of stem. 
6. Cross-section of vegetative leaves: (a) Term- 
inal part (middle one); (b) Basal part (right 


side of stem); 
axis. 


(c) Lateral section remote from 


7. Cross-section flowering leaves. 
8. Magnified stem of spadix. x 65. 


9. Overlapping fruit on spadix: (a) Archeozostera 
minor Koriba et Miki from Ehara-tyo, Mima-gun, 
Tokusima Pref. x ;;; (b) Fruit of Archeozostera 
longifolia Koriba et Miki from Tanagawa in Sennan, 


Osaka Pref. 


10. Rhizome (probably). From Nakayama in 
Ehara-tyo, Mima-gun, Tokusima Pref. x }. 

11. Archeozostera lineata Koriba et Miki. From 
Tzumitani in Itano-gun, Tokusima Pref. x sts 
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FURTHER OBSERVATIONS ON PLANT MICROFOSSILS FROM 
A CARBONACEOUS SHALE (KROLS) NEAR NAINI TAL, 
WITH A DISCUSSION ON THE AGE OF THE BEDS 


REN 1400 1001 01९ 100 14, ७, ©. D SA ISIN. DUBE 


Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


The plant microfossils recovered from a carbon- 
aceous shale from Brewery, near Naini Tal, belonging 
to the Krol series, have been described. The 
recognizable dispersed spores have been assigned 
to eleven genera and eighteen species. They have 
been arranged according to the system proposed by 
Potonié and Kremp. The isolated seeds and 
fragments of woods and cuticles have been grouped 
as “‘ Plantae incertae sedis’’. The age of the Krol 
series has been discussed in the light of the micro- 


fossils recovered, 
A recovery of plant microfossils from a 
carbonaceous shale from Brewery, 
near Naini Tal, was published by Sitholey, 
Sah and Dubey in 1954. From the location 
of the shale bed it was inferred that it 
belonged to the Krol series, which were till 
then known to be devoid of any organic 
remains. This raised two issues; firstly to 
confirm that the shale actually belonged to 
the Krol series; and secondly to extend 
the micro-palaeobotanical investigation to 
samples of Krol formation from other regions 
so as to build up a more complete microflora 
characteristic of this formation. 

The area around Brewery was revisited in 
1954 and 1955 to study its geology and 
ascertain the exact source of the carbonaceous 
shale. The locality (approx. 29°21'38"N; 
79°28’8’E ) lies about 3 miles S.E.S. of Naini 
Tal and about 14 miles N.W.N. of Jeolikot. 
The shale was collected from a gulch where 
the rocks have been disturbed by local slips 
and displacements. The shale bed is inter- 
calated with bluish limestone and purple, 
grey and green shales. These beds overlie 
quartzites and greyish slates exposed along 
the road cutting near the main boundary 
fault separating these older formations from 
the Tertiary Nahan sandstones. 

The Krol belt, extending over 180 miles 
from Subathu in Simla Hills to Naini Tal, 
consists of three main rock groups. At the 
bottom is a glacial boulder bed — the Blaini 
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conglomerate. It is overlain in turn by the 
Infra-Krol series (composed of shaly slates 
and quartzite ) and the Krol series. 

The following is a generalized sequence of 
rocks forming the Krol series ( see KRISHNAN, 
1956, pp. 346, 347): 


Krol E — Massive cream colour- 
ed limestone, calcareous sand- 
stone and brown shales. 

Krol D — Cherty limestone, dark 
limestone, bleached shales and 
quartzites. 

Krol C— Massive crystalline 

| limestone, often sulphurous. 

Middle — Krol B — Red and green shales 

with dolomitic limestone. 

Lower — Krol A-— Thin bedded blue 

limestone, shale limestone, cal- 
careous and carbonaceous 
shales. 


Upper 4 


However, there are local variations in the 
nature of these rocks, e.g. in the Middle 
Krols there may be only purple or red shales 
instead of red and green. 

Our sample, occurring in close association 
with the limestone and purple and green 
shales, seems to belong to the lower part of 
the Krol series. 

The rock groups of the Krol belt are 
doubtfully referred to the Upper Carboni- 
ferous and Permian ‘‘on the probable paral- 
lelism of the sequence commencing with a 
glacial boulder bed (? Talchir )” in Hazara 
and Salt Range regions ( ४४७०५, 1953, 
p. 229). According to Krishnan (1956, 
9. 347) “ The Blainis may be roughly cor- 
related with the Permo-Carboniferous, and 
the Infra-Krol and Krol beds with the 
Permian. This is, however, a mere con- 
jecture.” 

It is apparent that there has been a certain 
measure of doubt with regard to the age of 
these rock groups. The discovery of plant 
microfossils from the Krol series reported by 
Sitholey et al. (1954) was, therefore, signi- 
ficant as it could provide a palaeobotanical 
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basis for determining the relative age of these 
beds. It was with this view that the present 
detailed investigation of the microflora 
recovered from the carbonaceous shale was 
undertaken. 

In order to bring forth further observations 
on this problem, extensive micropalaeo- 
botanical investigations were carried out on 
the Krol shales of Nahan (Sirmur) and 
Simla-Solan areas. Unfortunately, these in- 
vestigations did not yield any recognizable 
microfossils. 

The work embodied in this paper forms the 
part of a project on ‘ Palaeobotanical investi- 
gations in relation to measurement of the 
geological age of rocks’ sponsored by the 
Council of Scientific & Industrial Research 
at the Birbal Sahni Institute of Palaeobotany. 
We wish to express our deep gratitude to 
Professor Dr. Robert Potonié for his valuable 
suggestions in the identification of the dis- 
persed spores. 


TECHNIQUE 


The samples were macerated in small parts 
and in bulk with concentrated commercial 
nitric acid ( about 70 per cent ) as Schultze’s 
solution was found to be rather strong. Best 
results were obtained when the shale was first 
treated with hydrofluoric acid ( overnight ) 
and later with nitric acid. Complete mace- 
ration took about 8 days. After maceration 
the material was washed several times with 
distilled water to free it of acid. Then the 
material was treated with 10 per cent potas- 
sium hydroxide for about 20 minutes and 
again washed with water. The permanent 
slides were prepared in glycerine jelly. 


SYSTEMATIC DESCRIPTION OF 
SPORAE DISPERSAE 
SUPERDIVISION — Sporites H. Pot. 
Division — Triletes ( Reinsch) Pot. & Kr. 
SUBDIVISION — Azonotriletes Luber 


SERIES — Laevigati (B. & K.) Pot. & Kr. 
Genus — Calamospora S.W. & B. 


Calamospora sp. 


Pl. 1, Fig. 1 


Description — Spherical spores appearing 
somewhat oval due to characteristic folding 
of the extrema lineamenta. Size varying from 
82 to 100 u. Y-mark not distinct, rays short, 
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less than 4 the radius, labra thin. Exine 
laevigate, thin and folded. 

Discussion — The thin, characteristically 
folded, laevigate exine indicates the identity 
of these spores with Calamospora. But as 
the preservation is not good enough to show 
sufficient structural details ( Y-mark being 
observed in only one instance) and the 
number of specimens is rather small, it is not 
possible to assign these spores to any distinct 
species. 


SERIES — Apiculati (B. & K.) Pot. & Kr. 
GENUS — Planisporites (Knox) Pot. & Kr. 


Planisporites parvus n. sp. 
1210 ib) Bisse 263 


Holotype — Pl. 1, Fig. 2; Reg. No.— 
M.G.T./20; Slide No. 2/4. 

Diagnosis — Size 25-35 (५, holotype 29 u; 
circular to + oval; Y-mark distinct, rays 
extending to + two-thirds of radial distance; 
coni small, regularly distributed, + 50 along 
the circumference. 

Description — Miospores usually circular, 
sometimes oval perhaps due to flattening. 
Y-mark has opened sutures with thin labra; 
rays of Y-mark equal in length. Exine 
covered with very small regularly distri- 
buted coni. 

Discussion — In the small size of the spores 
and minute, low coni our species is distinct 
from any other described so far. The coni 
are very similar to those of Planisporites 
spinulistratus (Loose) Pot. & Kr. (1955, 
p. 71) which, however, is bigger in size and 
has a larger number of coni along the cir- 
cumference. 


SERIES — Murornati Pot. & Kr. 
GENUS — Dictyotriletes ( Naum. ) 
Pot... Kr, 


Dictyotriletes sp. 
IAG Gly Te 6 


Description — A single spore measuring 
about 84 u; appearing ovate, perhaps due to 
preservation. Exine reticulate, reticulations 
seen only on one side (? distal), the other 
being smooth; muri about 3 ५ wide, enclosing 
18 or 19 irregular, thin and smooth lumina. 
Y-mark not seen. 

Discussion — Because of the characteristic 
reticulations with low muri ( not showing any 
projections in the outline) the spore is 
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assigned to Dictyotriletes. Professor Potonié 
has informed us that in this genus the Y-mark 
15 not seen in most of the specimens. 

As there is only one rather incomplete 
specimen available, no specific name has been 
given to it. It shows resemblance with D. 
mediareticulatus (Ibr.) Pot. & Kr. (1955, 
PL. 16, Fics. 314-315, p. 110) in size and 
number of meshes. 


Division — Monoletes Ibrahim 
SUBDIVISION — Azonomonoletes Luber 
SERIES — Psilamonoleti v.d. Hammen 

GENUS — Laevigatosporites Ibrahim 


Laevigatosporites minor ( Loose ) Pot. & Kr. 
311 10० 110५: 4515 


Description—Spores bean-shaped, measur- 
ing 53-65 u in the longer axis. Exine infra- 
punctate, sometimes folded. Monolete mark 
more than half the length of the spore; slit 
narrow; ends not bifurcated; labra thin. 

Discussion — On the few visible characters 
of the genus (especially the size) on which 
the specific differences are based, these spores 
show identity with L. minor, and hence must 
be placed under the same species. It is, how- 
ever, open to question whether in Palaeozoic 
times a species occurring in Europe would 
also be found in India. 


SUPERDIVISION — Pollenites R. Pot. 
Division — Saccites Erdtman 
SUBDIVISION — Disaccites Cookson 
SERIES — Striatiti Pant 
GENUS — Striatites Pant 


Striatites sewardi Pant 


Ib Wh, Ieee 7h, 


Description — Bisaccate spores measuring 
55-96 x 41-46 u (including sacci). Body 
+ rounded, measuring approximately 32 u 
n diameter, with 4-6 horizontal striations. 
Bladders larger than the body, approaching 
loser on the dorsal side, leaving a narrow 
lit in between. 

Discussion — These diploxylonoid spores 
seem identical in their structure with one 
_VIRKKI, 1937, TEXT-FIG. 2A) selected by 
Pant (1955, p. 762) as the type specimen for 
striatites sewardi. However, the Bacchus 
Marsh Tillite spores included by Pant (loc. 
it, Pr. XIX, Fics. 3-5) under the same 
pecies seem to be different which, judging 
rom his illustrations, appear to be haploxylo- 


noid. But for their larger size, Pant’s spores 
resemble more the genus Lunatisporites 
Leschik (1955) which has characteristic 
haploxylonoid forms. 


Striatites renisaccatus n. sp. 
JP Al, Amen, ©) 


Holotype — Pl. 1, Fig. 9; Reg. No.— 
M.G.T./20; Slide No. 27/3. 

Diagnosis — Disaccate spore; holotype 
107 x73 u (sacci included); body round, 
+60 u in diameter; body-wall with 6-8 
transverse striae, some bifurcating and 
anastomosing with the adjacent ones. 

Description — The body is almost circular 
and quite distinct; dehiscence mark not seen. 
Exine reticulate; meshes regular and fairly 
broad. Sacci infrareticulate, distally pendant, 
almost overlapping the body on both sides. 

Discussion —The almost circular body 
with bifurcating and anastomosing striae and 
characteristic reniform sacci distinguish this 
species from the already known ones. 


Striatites kumaonensis n. sp. 
BIETE 


Holotype = Pl. 1, Fig. 13; Reg. No. — 
M.G.T./20; Slide No. 32/2. 

Diagnosis — Disaccate spore; holotype 
99x66 uw (sacci included); body oblate- 
rounded, 66 x 60 u, with +8 transverse striae ; 
sacci subcircular, slightly larger ( about 66 u. ) 
than the body along the vertical axis but 
shorter (about 47 ७) horizontally, giving 
almost a haploxylonoid appearance ; a narrow 
vertical slit visible on the body. 

Description — The oblately rounded body 
is comparatively larger than the individual 
sacs. The sacs are, however, slightly larger 
along the vertical axis, just giving the spore 
a diploxylonoid shape which would otherwise 
have been haploxylonoid. Exine of the 
body granular, sacci infrareticulate. 

Discussion — In the almost haploxylonoid 
shape of the spores, with a comparatively larger 
body bearingavertical slit, this species is quite 
different from the others described so far. 

The specific name is based on “‘ Kumaon’ 
the hill division in which the locality of these 
shales lies. 


» 


Striatites Sp. 
IN, 312, 


Description — Bisaccate spore measuring 
69X34 (५ (including sacci). Body oblate, 
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measuring 43 x 22 u, with 4 prominent trans- 
verse striae appearing to extend over the 
sacs. Sacs rounded, about 34 u in diameter, 
inclined distally. Exine reticulate, reticula- 
tion finer on the body, slightly coarser on the 
sacs. 

Discussion — The spore is obviously lying 
in an oblique proximal view. From its 
general shape and size, especially the distally 
inclined rounded sacs, it most probably 
belongs to S. sewardi. But the propor- 
tionately much wider body with transverse 
striae, seemingly extending beyond the limits 
of the body on to the sacs, is an interesting 
feature which is not known to occur in S. 
sewardi. Perhaps this difference is only due 
to a different view of the spore which in 
equatorial view would be similar to the com- 
monly known spores of S. sewardi. Spores 
similar to ours have been reported by Virkki 
( 1946, PL. 7, Fics. 90, 96) from the Lower 
Gondwana rocks of the Salt Range, Pakistan, 
and by Ghosh & Sen (1948, Pr. 3, Text 
FIG. 2) from the Raniganj Coalfield of Bihar, 
India. 


GENUS — Lunatisporites Leschik 


Lunatisporites sp. 
120, 1 10011 


Description — Bisaccate haploxylonoid 
spores, measuring +125 105 u (including 
sacci). Body broadly elliptical, +105 x 75 u, 
having 8-10 transverse striae, sometimes 
bifurcating and anastomosing adjacently. 
Sacci large, + semicircular, almost covering 
the body except for a narrow vertical strip. 
Exine reticulate, thinly on the body and 
coarsely on the sacs; muri of the reticulations 
on the external margins of the sacs elongated 
radially, appearing radially ridged in high 
focus. 

Discussion — The haploxylonoid form and 
general shape of the spores with large semi- 
circular sacs indicate their identity with the 
genus Lunatisporites. The spores seem to be 
laterally compressed to various degrees as is 
apparent from the elliptic shape of the body, 
and the sacs almost meeting each other in 
the middle of the spores. Because of this 
anomaly in their preservation it is not con- 
sidered right to create a new species for them. 
The spores illustrated by Pant ( 1955, Pr. 19, 
Fics. 3-5 ) from the Bacchus Marsh Tillites of 
Australia as Striatites sewardi are very similar 
to our spores except for the reticulations of 
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the sacs. We feel 
haploxylonoid form of his spores, they should 
be assigned to Lunatisporites rather than to 
Striatites. 


GENUS — Striatopodocarpites 
(SoriT. & SEDOWA) R. Pot. 


Striatopodocarpites fusus 
(Balme & Henn.) R. Pot. 


Pl. 1, Fig. 10 


Description — Bisaccate spores, measuring 
+133 x 96 u. 


striae. Sacci large, subcircular, almost cover- 
ing the body except for a very narrow ver- 
tical strip appearing as a slit. Exine of 
the sacci having internal reticulum; the 
lumina of the meshes bearing 4-6 small rods 
or perforations. 

Discussion 


In their general shape and 


spores are indistinguishable from those 
described by Balme and Hennelly (1955, 
p. 92, Pr. 1, Fics. 6-10) from the Permian 
coals of Australia. They had placed them 
under the species Lueckisporites fusus but in 
his recent synopsis of the genera of sporae 
dispersae Potonié ( 1958, p. 54) has assigned 
them to the genus Striatopodocarpites. 

The spores represented in Pl. 3, Figs. 1, 3, 
4 and 6 by Ghosh & Sen ( 1948 ) from Rani- 
ganj coal appear to be identical with this 
species. 

Potonié (l.c.) has listed Striatopodocarpites 
under “‘ + Haploxylonoide Formen’ but the 
spores of S. fusus are prominently di- 
ploxylonoid. 


Striatopodocarpites gondwanensis n. sp. 
Pl. 1, Figs. 14-16 


Holotype — PI. 1, Fig. 15; Reg. 


M.G.T.]20; Slide No. 7/2. 


Diagnosis — Bisaccate spores, measuring! 
85-100 x 50-65 u, holotype 97x52 u; body} 


round to subcircular, 30-45 u in diameter) 


(holotype 40 u); body-wall having 8-104 


transverse striae, some bifurcating and join-' 
ing adjacently; a number of short rod- 
like striations occurring regularly across the! 
transverse striae; sacci large, circular, orna- 
mented with coarse reticulum. 

Description — This is the commonest type: 
of spores found in our sample. The body is, | 


that because of the 


Body thick, oblately rounded, | 
+6047 u, with 5-6 faintly discernible || 


| 
size and the large characteristic sacs, these |} 
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in most cases, almost circular. The short 
cross-striations between the transverse striae 
are very characteristic. The reticulations 
on the sacs in parts seem to be radially 
orientated. 

Discussion — The large, almost circular, 
sacs covering a round striated body is in- 
dicative of the identity of these spores with 
Striatopodocarpites. The short rod-like stria- 
tions across the transverse striae are a 
characteristic feature of this species, which 
has not been observed in any other species of 
this genus. Hence it is given a new name. 


SERIES — Disacciatrileti ( Leschik ) 
Report: 
GENUS — Pityosporites ( Seward ) 
PER. 


Pityosporites potoniei n. sp. 
Pl. 2, Figs. 18-20 


Holotype — Pl. 2, Fig. 18; Reg. No.— 
MiG: 1./20;,Slide No. 27/5. 

Diagnosis — Bisaccate spores, + oval, 
measuring 90-135 x 65-112 u, holotype 
133x112 u; body indistinct, + subcircular; 
sacci large, covering the body, leaving a very 
narrow vertical strip; exine reticulate, reti- 
culations fine towards the centre, coarser and 
slightly elongated towards the periphery. 

Description — The spores of this type are 
quite common in our material. They are 
rather transparent obviously due to over- 
maceration. Originally the body-wall must 
have been thin because it is difficult to make 
out its outline in these spores. The sacci 
cover the body so completely and meet each 
other so closely, that except for a very narrow 
vertical strip, which too is in some cases quite 
indistinct, the spores appear to be mono- 
saccate. 

Discussion — In size and general shape of 
the spores, with the sacs leaving a very 
narrow, sometimes almost indistinct, vertical 
strip in between, this species is different from 
the already known ones. 

Of the spores described as Florinites eremus 
by Balme & Hennelly (1955) from the 
Permian of Australia, those illustrated in 
PI. 5, Figs. 46, 47 seem to have a narrow 
vertical strip as in our spores. In other 
characters also they appear to be very 
similar to the spores of P. potonzet. 

It is named after Professor Dr. R. Potonié 
in gratitude for his kind help in the identi- 
fication of our spores. 
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Pityosporites ( Florinites ) ovatus ( Balme & 
Hennelly, 1955) n. comb. 


Pl. 1, Fig. 17 


Holotype — Balme & Hennelly, 1955, Pl. 5, 
Fig. 49. 

Paratypes — Balme & Hennelly, 1955, Pl. 5, 
Fig.:515 Present paper, PLU Bigs 17, Reg. 
No.— M.G.T./20; Slide No. 2/6. 

Emended Diagnosis — Bisaccate spores, + 
oval in outline, measuring 46-74 x 36-65 y; 
body faintly discernible, broadly ellip- 
tical to oval (short axis 28-48 uw); sacci 
almost covering the body leaving a very 
narrow vertical strip in between; exine 
finely reticulate. 

Description — As in P. potoniei the body- 
wall in this species also seems to have been 
fairly thin. The body is characteristically 
covered by the sacs giving the spores a 
seemingly monosaccate appearance. 

Discussion — The spores figured by Balme 
& Hennelly (1955, Pr. 5, Fiss. 49-52) as 
those of Florinites ovatus are so much similar 
to our spores as represented in PI. 1, Fig. 17, 
that there seems to be no doubt about their 
being identical. In all these spores the 2- 
winged nature is quite clear and hence their 
reference to Florinites is not justified. On 
the basis of their general characteristics we 
are here assigning them to the bisaccate genus 
Pityosporites. 


GENUS — Succinctisporites Leschik 


Succinctisporites ovalis n. sp. 


Pl. 2, Figs. 21, 22 


Holotype — Pl. 2, Fig. 22; Reg. No.— 
M.G.T./20; Slide No. 5/1. 

Diagnosis — Spores oval in shape, 65-85 
x 55-65 u, holotype 85x65 u; body thick, 
oval, about 54x37 u (holotype 52x43 u); 
? having +6 striations transverse to the 
longer axis; surrounded by a sac bearing a 
notch on one side approaching bisaccate con- 
dition. 

Description — The outline of the spore and 
its body are oval; the body is fairly thick and 
stands out from the thinner background of 
the sac. A strange feature is the occurrence 
on the body of striations which are transverse 
to the longer axis of the spore (see PL. 2, 
Fic. 21). These striations are, however, not 
prominent in all the spores, perhaps due to 
varying degrees of maceration. The exine of 
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the sacs is reticulate, reticulum formed of 
irregular meshes. 

Discussion — A thick body surrounded by 
a sac bearing a notch on one side ( approach- 
ing disaccate condition) points to the 
identity of these spores with Succinctisporites. 
The size and general shape of these spores, 
especially a regularly oval outline of the body 
with striations, distinguish them from all the 
previously known species. There are clear 
indications of the occurrence of striations on 
the body in S. interruptus Leschik ( 1955, 
PL. 7, Fic. 5), but the outline of the body in 
this species is circular. In general shape and 
size S. grandior Leschik ( 1955, Pr. 7, Fic. 12) 
somewhat approaches our species although 
it is slightly larger and does not seem to have 
the striations on the body. 


SERIES — Pinosacciti ( Erdtman) KR. Pot. 
GENUS — Alisporites Daugherty 


Alisporites phaselosaccatus n. sp. 
Pl. 2, Figs. 24-26 


Holotype — Pl. 2, Fig. 24; Reg. No.— 
M.G.T./20; Slide No. 25/3. 

Diagnosis — Bisaccate spores, measuring 
85-95 x 68-75 (५ (including sacci ), holotype 
92x73 u; body subcircular, fairly thick, 
about 39 (५ in diameter, with a vertical fusi- 
form furrow; sacci large, bean-shaped, reti- 
culately ornamented. 

Description — The large sacs of these 
spores are very characteristic in being bean- 
shaped. The muri of the reticulations on 
the wings are quite broad giving the exine a 
thick appearance. 

Discussion — The vertical fusiform furrow 
on the body in between two large reticulately 
ornamented sacs are indicative of the identity 
of these spores with Alisporites. However, 
the bean-shaped sacs, so characteristic of our 
spores, have not been observed in any other 
species of this genus and hence they are 
assigned to a new species. 


SERIES — Podocarpoiditi Pot., 
Thoms. & Thierg. 
GENUS — Platysaccus ( Naum.) 
Reis, ce KL 


Platysaccus tenuis n. sp. 
PM RES 


Holotype — Pl. 2, Fig. 23; Reg. No.— 
M:GT:/20S1IdeNo 115: 
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Diagnosis — Bisaccate spores, measuring 
about 187 x 62 (५ ( holotype ) including sacs; 
body rather thin, + circular, about 38 u in 
diameter; rim narrow about 1-5 u thick; 
sacci large, broadly oval with faint radial 
striations towards the body; exine thin, 
infrareticulate. 

Description — The sacs are comparatively 
much larger than the body, each measuring 
about 62x45 wu. In general the spores 
appear rather thin. 

Discussion — Usually the body in Platysac- 
cus is quite thick but in our spores it is 
rather thin. On the basis of this character 
and their general shape and size these spores 
are assigned to a new species. 


Platysaccus crassimarginatus n. sp. 
12120 1 025 


Holotype — Pl. 2, Fig. 27; Reg. No.— 
M.G.T./20; Slide No. 3/1. 


Diagnosis — Bisaccate spores, measuring {|| 


+ 74x60 u (holotype) including sacci; 
body thick, circular, + 38 u in diameter, 
granular, with a thick rim about 5-6 u wide; 
sacci large, rather bean-shaped, reticulate, 
with radial striations arising from the 
proximal margins. 

Description — In outline the sacs are 
almost semicircular with rounded edges. 
Proportionate to the body they do not seem 
to be as big as in the other species of this 
genus. The reticulations on the sacs are 
fairly big. 

Discussion — A characteristic feature of 
these spores is the thick rim of the body 
which has not been observed in any other 
species of Platysaccus. 


Platysaccus sp. 
WAL, 22, le, 28 


Description — Bisaccate spore, about 
65x42 u (including sacci). Body thick, 
+ circular, about 26 u in diameter. Sacci 
oblately circular, overlapping the body. | 
Exine infrareticulate with almost rounded | 
lumina. | 

Discussion — Although looking quite char- | 
acteristic, this spore seems to be preserved | 
in the distally polar view, the wings covering 
the body. 
not possible to trace its exact affinities. 


However, because of the large circular sacs | 
and a small, thick, circular body it most | 


probably belongs to Platysaccus. 


In this state of preservation it is | 
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PLANTAE INCERTAE SEDIS 


SEED 
Pl. 2, Fig. 29 


A few seed-like bodies were recovered but 
unfortunately none of them is complete and 
well enough preserved to throw light on their 
affinities. The specimen figured here is the 
upper part of a broken seed consisting of a 
dark nucellus surrounded by a thin integu- 
ment. The pointed end at the top looks very 
much like the micropylar end. The speci- 
men, as preserved, measures about 900 u in 
length and about 800 u in width. The 
integument is translucent and formed of 
rectangular cells, about 50x 18 u in size, with 
sinuous walls. Near the ?micropylar end 
the cell walls are not sinuous but straight. 
At this end the cells seem to surround an 
irregular pore, but this may be only due to 
rupturing of the integument in preservation. 
The cells of the nucellus are dark, rounded- 
polygonal, with thick cell walls. 


FRAGMENTS OF WOOD 


A large number of wood fragments were 
recovered. They show a considerable range 
of pitting and are.described here to complete 
the flora as far as possible. The majority of 
the fragments belong to coniferous woods. 


Type 1 
BIS, 10180. 39 


The fragment is the part of a wood in 
radial view. The tracheids are short 
showing 2- to 4-seriate, circular bordered 
pits. When biseriate, the pits are either 
separate or contiguous and opposite or sub- 
opposite; when 3- to 4-seriate, they’ are 
contiguous, sub-opposite or alternate and 
slightly flattened to hexagonal shape. They 
measure 14-15 y in diameter. The pores are 
large and circular. Rims of Sanio are dis- 
tinctly seen. Pits in the field are circular and 
2-6 in number, with elliptical pores general- 
ly placed horizontally, sometimes slightly 
oblique. 


Type 2 
1901 Bh, 1e 80, 8 
Fragments showing tracheids with 2- to 


3-seriate, alternate, contiguous, circular or 
flattened bordered pits, about 15 u. in dia- 
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meter. The pores are circular, about 6 u in 
diameter. The wood is comparable to some 
of the Dadoxylon types. 


Type 3 
Pl. 3, Fig. 35 


A fragment showing a part of a tracheid 
with 3- to 4-seriate bordered pits. The pits 
are contiguous and flattened transversely 
into hexagons. They measure 18x32 u. 
The pores are comparatively large, oval, 
measuring about 13 X8 u. 


Type 4 
12 0377 


A part of a tracheid showing scalariform 
thickening and a few bordered pits. The 
scalariform thickenings occupy the whole 
width of the tracheid and measure 3:5-4:5 u 
in breadth and 18-20 u in length. This 
tracheid is probably a part of the primary 
element of a coniferous wood. 


CUTICULAR FRAGMENTS 


Type 1 
Pl. 3, Figs. 33, 34 


The fragment is a part of a moderately 
thick cuticle having stomatiferous and non- 
stomatiferous bands. The epidermal cells of 
the non-stomatiferous bands are rectangular, 
much longer than broad with lateral and end 
walls thick and almost straight, at places 
slightly undulated. The surface walls are 
smooth or papillate. Cells of the stomati- 
ferous region are polygonal, thin-walled and 
of various shapes and sizes. The lateral and 
end walls sinuous or slightly wavy. Surface 
walls thickened; in some definite, solid, 
circular papillae are visible. The stomata 
are few and longitudinally placed. Sub- 
sidiary cells, 5-6 in number, having a dumb- 
bell shaped or oval opening ( PL. 3, Fic. 34). 
Guard cells sunken, mostly not preserved, but 
when preserved, thinly cutinized. 


Type 2 
PIS 3) Hig. 31 


The fragment is the part of a cuticle devoid 
of stomata. The epidermal cells are rect- 
angular or polygonal. Cell-walls thin and 
markedly sinuous. Some cells having cuti- 
cular thickenings on the surface wall. This 
type is fairly common in the shale. 
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Type 3 
Pl. 3, Fig. 32 
Fragment of a cuticle devoid of stomata. 
The cells are mostly rectangular, a few 
polygonal and arranged in series. Lateral 
and end walls thick, straight or slightly wavy 
at places. Surface walls with numerous, 
small, oval, circular or irregular thickenings. 
Very common. 
Type 4 
Pl. 3, Fig. 30 
A small piece of cuticle without stomata. 
The cells are elongated, rectangular or poly- 
gonal. Lateral and end walls fairly thick 
and almost straight, very rarely slightly 
wavy. Surface wall with a small oval 
thickening in the centre. 


DISCUSSION 


Elements of the Flora— The microflora 
comprises a large number of dispersed spores, 
fragments of wood, small pieces of cuticles 
and a few stray seeds. Apart from a number 
of unidentifiable forms, the following 18 
species of sporae dispersae, belonging to 11 
genera, have been recognized. 

I Super division: Sporites 
Division: Triletes 
Subdivision: Azonotriletes 
1. Calamospora sp. 
2. Planisporites parvus n. sp. 
3. Dictyotriletes sp. 
Division: Monoletes 
Subdivision: Azonomonoletes 
4. Laevigatosporites minor (Loose) Pot. 
& Kr. 

II Superdivision: Pollenites 
Division: Saccites 
Subdivision: Disaccites 
5. Striatites sewardi Pant 
6. 5. renisaccatus n. sp. 

7. S. kumaonensis n. sp. 

8. Striatites sp. 

9. Lunatisporites sp. 

0. Striatopodocarpites fusus (Balme & 

Hennelly ) R. Pot. 

11. S. gondwanensis n. sp. 

12. Pityosporites potoniei n. sp. 

13. P. (Florinites) ovatus (Balme & 
Hennelly ) n. comb. 

14. Succinctisporites ovalis n. sp. 

15. Alisporites phaselosaccatus n. sp. 

16. Platysaccus tenuis n. sp. 

17. P. crassimarginatus n. sp. 

18. Platysaccus sp. 
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Of these Striatopodocarpites gondwanensis 
is the most abundant. Pityosporites potonter 
is also quite common. The next in order of 
frequency are the spores of Alisporites 
phaselosaccatus, Platysaccus tenuis and Luna- 
tisporites sp. The rest of the spore types 
occur sporadically. 

The pieces of wood and cuticles, although 
fairly common, are fragmentary in nature and 
hence unidentifiable. Similarly the few 
imperfectly preserved seed-like bodies are 
also not identifiable. 

Age of the Beds — As already mentioned, 
the age of the Blainis is regarded as Permo- 
Carboniferous and that of the Infra-Krols 
and Krols as Permian. This correlation is 
based on the probable parallelism of the 
sequence of rock groups composing the Krol 
belt with those of the Infra-Triassic forma- 
tions of Kashmir-Hazara and Salt Range. 
However, as pointed out by Krishnan ( 1956, 
p. 346) “ there is little lithological similarity 
between the rocks of the two areas’. Thus, 
the above inference regarding the age of the 
Krols is “ a mere conjecture ”. The obser- 
vations based on the present microflora thus 
furnish the first direct and fairly conclusive 
evidence towards this problem. 

In general aspect, the microflora as a 
whole fits in the Permo-Carboniferous of the 
Gondwanaland. More or less similar looking 
microfossils have been reported from the 
Jharia ( Permo-Carboniferous ) and Raniganj 
(Permian) coalfields in Bihar and Pali 
beds (Upper Permian) in Central India. 
The spores described by Balme & Henelly 
(1955 ) from the Permian coals of Australia 
also bear general resemblance with ours. 
Dr. M. N. Bose, who has just completed, in 
collaboration with Professor (0. A. Höeg, an 
investigation of the Permo-Carboniferous 
plant fossils of Belgian Congo, tells us that 
our microfossils look similar to those of 
Congo. 

On considering the geological distribution 
of the spore genera represented in our sample 
( TABLE 1 ) a more definite idea of age can be 
obtained. The genera Calamospora, Plani- 
sporites and Laevigatosporites are known 
from Carboniferous to Permian. Pityosporites 
has been recorded from uppermost Carboni- 
ferous upwards through all the geological 
horizons. Dictyotriletes is so far reported 
only from the Carboniferous. Striatites and 
Striatopodocarpites are found in Permian. 
Lunatisporites, Succinctisporites, Alisporites 
and Platysaccus have been described from 
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TABLE 1—CHART SHOWING THE GEOLOGICAL RANGE OF DISTRIBUTION OF 
SPORE GENERA FOUND IN KROL SHALE 


C1 COY IONE, IME JNAL 


RANGE 


SPORE GENERA 


1 XI IN 18 (OWS OUI: 


NI, SO Ovi 


Lower | Upper 


Lower | Upper 


er. Corbo- | Carbo- ee re Trasse Tr Lower 
niferous niferous nl ermilan ae T1assıc Jurassic 
ar i | en” 
1. CALAMOSPORA ? | | | 
2. PLANISPORITES ? | 
3. DICTYOTRILETES 
4. LAEVIGATO- en 
SPORITES 


SESIIRIENDIDES | 
6. LUNATISPORITES 


7. STRIATOPODO- 
CARPITES 


8, EIINOSEORITIES 


9. SUCCINCTI- 
SPORTLES 


10. ALISPORITES 
Hee PPA VS ACCUS 


Permian and Triassic. It is evident that the 
majority of these genera have distribution in 


the Permian, more towards the upper 
horizons. Our commonest species, Striato- 
podocarpites gondwanensis, belongs to a 


Permian genus. The next frequent species, 
Pityosporites potoniei, also belongs to a genus 
occurring in uppermost Carboniferous to 
lowermost Triassic beds. The other com- 


mon species, Alisporites phaselosaccatus, 
Platysaccus tenuis and Lunatisporites sp., all 
belong to genera found from Permian to 
Triassic. The geological record of the spores 
allied to those common in our shale, therefore, 
points towards a Permian age. As very little 
work has been done on the stratigraphical 
application of spores in India, it is not 
possible to derive a more precise conclusion. 
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EXPLANATION OF PLATES 
(Specimen No. M.G.T. 20; All slides preserved at the Birbal Sahni Institute of Palaeobotany ) 


PLATE 1 


1. Calamospora sp. Slide No. 24/3. x 500. 

2. Planisporites parvus n. sp. (Holotype). 
Slide No. 2/4. x 500. 

3. Planisporites parvus n. sp. ( Paratype ). 
Nos2 3500: 

4, 5. Laevigatosporites minor ( Loose) Pot. & Kr. 
Slide Nos. 13/3 & 20/5. x 500. 

6. Dictyotriletes sp. Slide No. 12/10. x 500. 

7, 8. Striatites sewardi Pant. Slide Nos. 23/1 & 
IPP, SS SW: 

9. Striatites venisaccatus n. SP. 
Slide No. 27/3. x 500. 

10. Striatopodocarpites fusus ( Bal. & Henn.) Pot. 
Slide No. 10/2. x 500. 

11. Lunatisporites sp. Slide No. 19/2. x 500. 

12. Striatites sp. Slide No. 1/8. x 500. 

13. Striatites kumaonensis n. sp. ( Holotype). 
Slide No. 32/2. x 500. 

14. Striatopodocarpites gondwanensis n. sp. ( Para- 
type). Slide No. 24/4. x 500. 

15. Striatopodocarpites gondwanensis n. sp. ( Holo- 
type) se Slice INO, 722500! 

16. Striatopodocarpites gondwanensis n. sp. ( Para- 


Slide 


( Holotype ). 


type). Slide No. 10/3. x 500. 

17. Pityosporites ( Florinites) ovatus (Bal. & 
Henn.) n. comb. (Paratype). Slide No. 2/6. 
x 500. 
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18. Pityosporites potoniei n. sp. ( Holotype). Slide 
Noms 00 

19, 20. Pityosporites potoniei n. sp. ( Paratypes ). 
Slide Nos. 28/2 & 23/4. x 500. 

21. Succinctisporites ovalis n. 
Slide No. 1/10. x 500. 
striations on the body. 

22. Succinctisporiles 
slide No. 5/1 X 500. 


sp. (Paratype ). 
Retouched to show the 


ovalis n. sp. (Holotyp ). 


23. Platysaccus tenuis n. sp. (Holotype). Slide 
No. 11/5. x 500. 

24. Alisporites phaselosaccatus n. sp. ( Holotype ). 
Slide No. 25/3.x 500. 

25, 26. Alisporites phaselosaccatus n. sp. ( Para- 
types). Slide Nos. 10/1 & 22/3. x 500. 

27. Platysaccus crassimarginatus n. sp. 
type). Slide No. 3/1. x 500. 

28. Platysaccus sp. Slide No. 20/1. x 500. 

29. Seed-like body, showing a dark nucellus sur- 
rounded by a thin integument. Slide No. 36. x 100. 


( Holo- 


PLATE 3 


30. Cuticle Type 4. Note surface wall of each 
cell having a small oval thickening in the centre. 
Slide No. 37/3. x 100. 

31. Cuticle Type 2. Note the sinuors cell-walls 
of the epidermal cells. Slide No. 39/1. x 100. 

32. Cuticle Type 3. Surface walls of the epi- 
dermal cells with numerous, small thickenings. 
Slide No. 40/4. x 100. 

33. Cuticle Type 1. Showing a f:w <tomati and 
the cuticular papillae. Slide No. 39/2. x 150. 

34. Cuticle Type 1. Enlarged to show a stoma 
with a dumb-bell shaped opening. Slide No. 39/2. 
x 500. 

35. A part of a tracheid with 3- to 4-seriate, 
bordered pits. Slide No. 16/1. x 250. 

36. Fragment showing 2- to 3-seriate, alternate, 
eee le circular bordered pits. Slide No. 17/5. 
x 250. 

37. Another fragment showing scalariform pit- 
ting. Slide No. 12/5. x 250. 

38. A wood fragment showing tracheids with 
2-seriate, alternate, contiguous ond flottened 
bordered pit. x 250. 

39. Part of a wood in radial view showing pitting 
in the tracheids and the medullary rays. Note 
the Bars of Sanio. Slide No. 37/1. x 200. 
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SPORAE DISPERSAE OF THE LIGNITES FROM CANNANORE 
BEACH ON THE MALABAR COAST OF INDIA 


R, POTONIE* &-S,.C. D. SAH} 
Birbal Sahni Institute of Palaeobotany 


ABSTRACT 


In this paper sporae dispersae of the Cannanore 
lignites have been described. For taxonomic 
purposes we have made use of the rules of the 
International Code of Botanical Nomenclature. It 
was necessary to create some new genera and 
several species, because our forms do not agree 
with most of the forms which till now have been 
studied from the Indian Tertiaries. We suppose 
that the youngest Tertiary has, till now, not been 
studied, and that our lignite perhaps belongs more 
or less to the Upper Miocene or Pliocene while the 
forms described till now are probably of Lower 
Miocene. 


INTRODUCTION 


IE HE sporae dispersae described in this 
paper were obtained from three 
samples of lignites from Cannanore 

Beach in Kerala. The lignite was presented 
to the Birbal Sahni Institute of Palaeobotany 
in July 1953 by Dr. E. K. Janaki Ammal, 
Director, Central Botanical Laboratories, 
Allahabad. The samples were collected on 
the beach of Cannanore close to the old 
European club from some exposed cliffs near 
the sea. However, nothing was mentioned 
concerning the position of these samples in 
the outcrop. Further we know nothing 
concerning the petrographical character of 
the lignite deposit as a whole, whether the 
entire deposit consists of the same type of 
lignite as we have received, or if the seam 
was banded and contained different types of 
lignites. Therefore, the present account of 
the Sporae dispersae should be regarded as 
representing the three samples and not the 
entire deposit. 

This lignite was first recorded in 1830 
by General Cullen (see KRISHNAN, 1951, 
p. 162) as a deposit at the base of the cliffs 
on the seashore at Cannanore. In 1943 
Jacob investigated this lignite deposit and 
states ( KRISHNAN l.c.) that the lignite bed 
is exposed at the low tide for a length of 


several feet at the base of a 30 ft. high cliff 
on the seashore about 1 mile north of Fort 
St. Angelo, Cannanore. The bed was 44 ft. 
thick including a 3-inch layer of clay about 
one foot above the base. He further states 
that there are records of finds in some wells 
a quarter of a mile inland at a depth of 30-40 
ft., but he, however, is not sure if they are 
continuous. 

In the geological map compiled by 
Krishnan (l.c., PLATE 12) our lignite is topo- 
graphically placed in the recent deposits 
between the sea and the undifferentiated 
crystallines. About 60 miles to the south 
of Cannanore along the Malabar Coast there 
appear under the recent deposits Miocene to 
Pleistocene rocks. 

Till now, along the Malabar Coast near the 
seashore three deposits of lignites have been 
observed. The two in the south have been 
placed in the Miocene. 

A detailed sporology has not been done 
so far and we feel it is necessary to do so. 
It is quite likely that at least in the north the 
lignites belong to the Phocene because of the 
great difference between its spore and pollen 
content and that of the Miocene lignite of 
Warkalli and also taking into consideration 
the great distance between the two deposits. 
But these are only suppositions to stimulate 
further studies. 

In our preparations there are not only 
spores and pollen grains but chiefly leaf 
cuticles and fungal remains. That means 
perhaps that the peat was not formed in or 
below the level of the ground water but a little 
above and only sinking later under the level. 

This paper deals principally with only the 
spores and pollen grains while the fungal 
spores and cuticular remains shall be dealt 
elsewhere. 

However, we find that it is necessary to 
take into account the entire microflora 
(including fungal spores) to assess its 


*Prof. Dr. Robert Potonié, Amt fiir Bodenforschung, Krefeld, Westwall 124, W. Germany ( this 
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relationship with the Tertiary microflora of 
other regions. 

Sahni et al. (1948, pp. 262, 263) have 
reported some microfossils from the oil- 
bearing Tertiary rocks of Assam. They have 
given four plates (14-17) of drawings in 
which there is a fairly large number of fungal 
remains agreeing with our forms, e.g. Pl. 14, 
Fig. 1 (agrees); Pl. 16, .Fig. 40 (agrees ); 
Pl. 16, Fig. 43 (+); Pl. 16, Fig. 45 (+); 
Pl. 17, Fig. 51 (+) and others. On the 
other hand, there are also some distinct forms 
which we did not find in our lignite, e.g. PI. 
15, Bigs.21926,7 297 PL 216 YES Zee 
Fig. 47. 

It is difficult to correlate these sedimentary 
deposits because they belong to different 
facies as lignites, clays and shales. Different 
facies have a different spore content even if 
they are in the same stratigraphical range. 
It is not only interesting but perhaps signi- 
ficant that many of the characteristic spore 
and pollen forms of the European, Australian 
and the Far East are missing from both these 
facies. 

Also comparing our microflora with that 
of the Indian lignites, e.g. Miocene of War- 
kalli (Rao & Vımar, 1952; VimaL, 1953), 
we see that there is not one form which 
absolutely agrees with those of our lignite. 
We have even some forms which are com- 
pletely different. 

Comparing with Eocene microfossils from 
the Indian Palana lignites (RAo & VIMAL, 
1950, 1952 ) we see that all the distinct forms 
differ from those of our forms and the same 
is to be said of the spores and pollen grains 
of the Eocene lignites of Dandot, Pakistan 
( Vımar, 1952). 

Among the microfossils figured by Stefen 
Macko (1957) from the lower Miocene of 
Upper Silesia three forms agree with those of 
ours: Pl. 72, Figs. 2-9 (Lanomyces ? ); 
Pl. 74, Figs. 34-36 ( Nebela ?, Rhizopoda ); 
and Pl. 73, Figs. 5-7 (Trichothyrium ? ) 
Another common form in our lignite has been 
figured by Cookson ( 1947, Pr. 11, Fic. 5) 
as Notothyrites setiferus from the Tertiary 
deposits of New South Wales. 

From the above perusal it seems as if the 
spore content of our lignite cannot be desig- 
nated as Eocene or Miocene and, therefore, 
also not as Oligocene. This cannot be said 
as an absolute conclusion but as a derivative 
of the literature existing till now. 

There is a question if it is possible to say 
something about the stratigraphical position 
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in studying the petrographical features of the 
lignite samples. They do not look like 
Pleistocene peat but like a Tertiary lignite. 
In Europe sediments have been found, which 
look more like a lignite rather than peat 
from the interglacial humolithes of the Alps, 
e.g. in Rosenheim. In this case the spore 
content showed clearly that it was a Pleisto- 
cene humolithe, but in spite of this the 
question is open whether it is allowed to calla 
material peat only from the stratigraphical 
point of view. Here it must be mentioned 
that in Japan there exists Tertiary charcoals 
and in Russia in the basin of Moscow 
lignites are known from the Lower Carboni- 
ferous. Therefore, the terms peat, lignite 
and coal are petrographical ones and are not 
always of stratigraphical significance. 


TAXONOMY 


For the taxonomy of our material we have 
used the rules of the International Code of 
Botanical Nomenclature concerning form 
and organ genera. There it is said that for 
isolated parts of fossil plants such genera 
shall be used, and that for these genera the 
Type Method must be applied as well as for 
all other genera; further that there are to be 
placed as form species and organ species 
which are treated like the species of the other 
system. It is said that organ species and 
form species are necessary because fossil 
plant remains are mostly found as ‘ organs’ 
separated from one another, and that in most 
of the cases it is not possible to say exactly 
how the different organs belong together. 
So far the International Code only underlines 
the botanical point of view, but on the other 
hand the organ and form genera and species 
are of immense stratigraphical value. This 
occurs from the stratigraphical incongruity 
of the organs. Not every organ of a plant 
has the same diagnostical value. While with 
one organ we may be able to recognize 
exactly the species, it will not be so with 
other organs. They will perhaps only show 
the genus or the family. All these organs are 
put in organ genera and if even the family is 
not recognizable, then they are included in 
form genera. That means the features of 
these genera may belong to several families 
and even classes or orders and so this 
botanical fact will make such genera of lesser 
stratigraphical value. If now, for instance, 
a fructification containing spores is put in an 
organ genus and if the organ genus has a clear 
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stratigraphical range, there may be spores in 
the fructification which resemble absolutely 
spores found in other stratigraphical condi- 
tions as sporae dispersae. So it is not 
possible to put these sporae dispersae to- 
gether with the fructification. Then this 
would mean that everywhere we find such a 
sporae dispersae, we have the stratigraphical 
position of the fructification. Since this is 
not right, it will not be possible to make a 
correct stratigraphy with plant microfossils 
without using very carefully the organ and 
form genera and species. 

Rao (1955) has written a paper worthy 
of notice concerning the pollen grains found 
in the Indian Tertiary Eocene and Miocene 
lignites. He places his forms in units which 
are called Sporomorpha. Such units are not 
accepted from the International Code of 
Botanical Nomenclature. Since Ist January 
1953 the I.C. demands the clear indication of 
the rank of the Taxon. This means, of 
course, only such ranks which are accepted 
by the I.C., e.g. orders, classes, families, 
genera and species. The form and organ 
genera are treated as genera. They must be 
used for the sporae dispersae and are under 
the rules of priority, not so the Sporomorpha. 
The latter must be replaced by form species 
and organ species. It is always possible to 
make some of the Sporomorpha legitimate 
as far as they are not in collision with the 
organ and form species still existing. To 
do so the I.C. demands the use of type 
method. 

On the other hand Rao (l.c.) determines 
the pollen grains more or less according to the 
natural system of plant families. In the 
plates he does this mostly with a question 
mark and also in the text he does not ab- 
solutely insist upon his determinations. 
This is very good as such and shows how 
much organ and form species are necessary 
to make the palaeontology of sporae dis- 
persae more stable than as it is with the 
terminology used by Rao. 

If we have types attached on the names of 
organ and form species, there will be an 
international possibility of understanding 
and everyone is then allowed to emphasize 
his own opinion concerning the relationship 
of the organ and form species with genera and 
families of the natural system, but that must 
not be expressed in putting our organ and 
form species into the common genera. They 
must always be placed in organ and form 
genera having a spore as genotype. An 


organ or form species should only be placed 
in a genus of which the same organ is the 
type. 
What we think about the natural relation- 
ship of sporae dispersae must be said beside 
and will often be a matter of scientific opinion. 
But in spite of the changes in the opinions it 
will be possible to work with the types of the 
organ and form species stratigraphically. 
This would not be possible in such a manner 
if we work with so loose a method as with 
the Sporomorpha or even only with supposed 
relationships. 

We are not absolutely sure that the pollen 
grains shown in Plate 1, Type number 2 
(Rao, l.c.) are such as those of Palmae. The 
same is to be said of the ? Quercus ( PL. 1, 
Type number 4). The form mentioned as 
Schizaeaceae ( Pr. 4, Type number 17, figure 
on the right ) is well determined. A curious 
form is shown under Type number 15 ( PL. 4) 
but its comparison with Carya does not seem 
to be appropriate. The possibility of its 
belonging to Anacolosia should also be taken 
into consideration. Another interesting form 
is shown in Plate 3, Type number 13 ( right 
side figure), resembling a pollen grain 
described by Thiergart (1940). Such forms 
must now be placed under the form genus 
Stephanoporopollenites Th. & Pf. (1953, 
p. 90). In Europe the genus only occurs in 
the oldest Tertiary formations. ao has, 
however, found it in the Miocene rocks. The 
pollen grain shown in Pl. 3, Type number 
11, has been supposed by Rao as belonging 
to the Proteaceae and indeed it would per- 
haps be good to place the form in the genus 
Proteacidites Cookson (1950) 

It is astonishing that between all these 
forms mentioned by Rao there is perhaps only 
one which is to be placed in an organ genus 
not occurring in the Tertiary of Europe. 
Also the genera of the natural system which 
are mentioned by Rao are, as far as they have 
a little more of evidence, mostly the same 
as in Europe. This may be because a clear 
palaeontology of the sporae dispersae is only 
in development in India. 

The same must be said of the earlier papers 
of Raotand Vimal(1950,51, 52and"53°). 
Some clearer differences would possibly 
appear if the forms would have been com- 
pared carefully with those of other lands. 
Rao & Vimal ( 1952, Pr. 18, Fic. 25) show 
perhaps such a difference, likewise the 
figures in Vimal (1952, PL. 8, Fics. 28, 30-32) 
which are placed in Hexacolpites, Septacolpites 
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and Octacolpites. In the end mention may 
also be made of Vimal. (1953, 01 2 eh ics: 
30-32), which shows such a discrepancy. 
Stefan Macko ( 1957 ) has written a paper 
concerning the Lower Miocene Pollen Flora 
from Klodnica valley in Upper Silesia. He 
compares his spores and pollen grains very 
carefully with those of recent plants. This is 
the method which has been used from the 
first beginning of the fossil sporology, as for 
instance is seen in the papers of Kirchheim- 
mer, R. Potonié, F. Thiergart, Wodehouse 
and others. Already in earlier papers of 
Tertiary, R. Potonié has put after the 
diagnosis of most of the fossil spores a 
diagnosis of recent ones which may be 
compared. He (1954) has also tried to 
compare carefully Palaeozoic sporae dis- 
persae with those of fructifications. It could 
be shown that there were many clear rela- 
tions. But on the other hand it appeared 
that it was not possible to put together the 
form genera of fructifications with those of 
the spores because that would have produced 
stratigraphical errors. In spite of the fact 
that the comparative method has made great 
progress, many authors continue even today 
to put Tertiary spores and pollen grains in 
organ and form genera and in organ and form 
species. Macko (l.c., p. 7) says, “ I regard 
the obstinate employment of this method for 
analytical investigations of Tertiary pollen as 
irrational, since it hinders the development of 
the comparative method, leading to a phylo- 
genetic and natural, hence systematological, 
synthesis not to be reached by conventional 
methods.” This opinion is not as correct as 
it appears. The work of the last thirty years 
has shown that it was just the ‘ conventional 
method’ which has provided the material 
for the development of the comparative 
method. Without better morphographical 
studies of this method, the other method, 
i.e. the morphological method, is not possible. 
That is a botanical point of view. On the 
other hand, there is the question if it is 
possible to leave the conventional method 
in future after so much of progress. We do 
not think so, because there is the strati- 
graphical point of view and even this is in 
close relation with the botanical one. For 
the stratigraphy we need not only the 
botanical types but that our types at the 
same time must be clearly attached to a 
stratigraphical Locus Typicus. That is not 
so with the method used by Macko. It may 
be very good for other purposes but it does 
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not allow a work of sufficient exactness for 


the stratigraphers. 

Macko speaks of spore types. Firstly, it 
must be mentioned that these “types have 
nothing to do with the nomenclatural types 
of the 


Nomenclature. His ‘fossil types’ are de- 


signated by the generic and frequently 
The author ||| 
knows himself that this is not a definite | 
designation but shall more or less change | 
With such a | 
method it will be difficult to designate | 
definitely whether a single spore or pollen | 


specific names of recent plants. 


from one author to the other. 


grain found in a stratigraphical unit and 
with a regional range, can be applied as a 
nomenclatural type for all further stratigra- 
phical and botanical comparison. The 
botanical opinion may change but a definite 


nomenclatural type has been found in certain | 


stratigraphical position is definite. Only 


with this fact we can make good strati- || 


graphical work. 


Traverse (1957, p. 256) says: “ Potonié 
(1956) has clearly condemned the use of | 


extant generic and specific names for fossil 
pollen.” That is not right, both are allowed 
and it has been indicated in several papers. 
But there is an important restriction. It is 
not suitable to use, for fossil spores and pollen 
grains, generic names of recent plants if we 
give the spores, etc., specific names whose 


holotypes are sporae dispersae. The moment | 


a specific name of a fossil sporae dispersae is 
introduced in the genus of a recent plant, the 
specific name of the spore or pollen grain has 
no more any scientific value. 
we agree entirely with Brown, Faegri, Firbas, 
Hughes, Iverson, Kirchheimer, Rudolph and 
Thomson. 

Traverse ‘further says (1957, p. 25398 
“ Potonié’s argument that inclusion of new 
organ species in an extant genus involves a 
broadening of the genus does not seem correct 
to me, because the circumscription of the 
genus is established by its description.” 
Traverse would have understood if he had 
seen that also in his case a new organ species 
is only necessary if it is believed not to fall 
absolutely within the circumscription of the 
recent genus in question. 

Another objection of Traverse (1957, 
p. 255) is this, that the palaeobotanists 
studying megafossil organs have placed the 
organs in extant taxa. It is true that this is 
not absolutely forbidden by the I.C. But it 
should only be used if the material is more 


International Code of Botanical | 


In this point | 
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or less complete and does not consist of a 
very little part of the plant which sometimes 
only shows characters of contested diagnostic 
value. 


MATERIAL AND METHOD 


The Cannanore lignite is compact, dull and 
brownish black in appearance. A shaly 
(laminated ) texture is very well seen in this 
lignite quite unlike the lignites of South 
Arcot or Warkalli. The lignite is formed 
mostly of volatile matter and some moisture 
while only a small percentage of fixed carbon 
and ash is present. 

Best results were obtained when the 
Cannanore lignite samples were treated with 
50 per cent HCl or boiled in H,O,. With 50 
per cent HNO, or Schultze’s solution the 
results were not very satisfactory. After 
maceration the material was next treated 
with 10 per cent KOH for only about 20-30 
minutes. The permanent mounts were made 
with glycerine jelly while single spore mounts 
were made in Canada balsam, and in certain 
case safranin was used to stain the grains. 


SYSTEMATIC DESCRIPTION 


Anteturma — Sporites H. Pot. 1893 
Turma — Triletes ( Reinsch 1881 ) 
Pot. & Kr. 1954 
Subturma — Azonotriletes Luber 1935 
Infraturma — Murornati Pot. & Kr. 1954 


Lycopodiumsporites Thiergart 1938 
(1937 Separatum ) 
Lectogenotype — Lycopodiumsporites aga- 
Péoecus ER. Por. 1934, Pr. 1, Fic. 25, size 
87 u) Thiergart 1938, p. 293. 
Locus typicus — East Germany, 
valley (near Merseburg ), Eocene. 


Geisel 


Lycopodiumsporites perplexus nov. Sp. 


Holotype — PI. 1, Figs. 1, 2; diameter 75 u. 
Locus typicus — India, Malabar Coast, 
Cannanore Beach; Tertiary. 


SPECIFIC DIAGNOSIS 


Size varies from 67 to 82 u; equator 
subtriangular to circular; Y-rays may reach 
equator, but not so always seen; extrema 
lineamenta notched, composed of short out- 
growing bows, sometimes transforming them- 
selves in a more bastionic form. The distal 
side shows a perfect reticulum; lumina 
+ polygonal, measuring perhaps five to ten 
times the breadth of the muri; height of muri 
unequal, sometimes showing + conical pro- 


tuberances. Therefore, if the distal side lies 
upside, in the higher focus we see only a 
system of sinuate or bent short muri which 
do not approach to form a perfect reticulum 
(Pr. 1, Fic. 4). The distal exine may be 
smooth or perhaps shows parts of a more 
reduced ornamentation. 


SPECIFIC DIFFERENTIAL DIAGNOSIS 


The species known till now of this genus 
do not show in such a differentiated manner 
the unequal height of the muri so as to allow 
such different views under different foci. 


ANALYSES 


Preparation 61/2 (Pr. 1, Fies. 1, 2) — 
Diameter 75 ७; equator clearly circular; 
extrema lineamenta notched, composed of 
short bows, at one place bastionic outline; 
rays of Y-mark not reaching equator, perhaps 
two-thirds of the radius; in higher focus the 
distal side shows a system of - long, 
sinuous or bent muri which do not constitute 
a reticulum but end without contact with one 
another, and sometimes make -+ conical 
projections; but in a lower focus these muri 
meet together to form a perfect reticulum; 
so we have a reticulum of which the muri 
are not of equal height; lumina polygonal 
having + five to ten times the diameter of 
the muri; ornamentation of the proximal 
side not sure. 

Preparation 60/1 (Pr. 1, Fic. 4) — Dia- 
meter 79 u; extrema lineamenta oval, here also 
somewhat sinuated muri in the higher focus 
with shorter walls, not so much as in the first 
specimen; in the deeper focus perfect reti- 
culum very well seen; Y-mark not seen. 

Preparation 60/2 ( PL. 1, Fic. 3) — Dia- 
meter 77-5 u; equator circular; Y-mark not 
recognizable; the proximal side seems to be 
upside, therefore, perfect reticulum of distal 
side in the high focus and highest parts of the 
muri in the deeper. 

Preparation 59/1 — Diameter 78 u; equator 
a little subtriangular, Y-mark faint reaching 
equator; muri of perfect reticulum do not 
show so much differentiation as in their 
heights as the first one. 

Preparation 55/4 — Diameter 73 u; outline 
oval, shrunken; Y-mark not seen. 

Preparation 53/2 — Diameter 82 u; folded 
near the equator; reticulum perfect in the 
lower focus. 

Preparation 30/6 — Diameter 67 u; equator 
subtriangular; rays of Y-mark attaining 
equator; muri not so high. 
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Anteturma — Sporites R. Pot. 1893 
Turma — Zonales ( Bennie & Kidst. ) 
R. Pot. 1956 
Subturma — Zonotriletes Waltz 1935 
Infraturma — Cingulati Pot. & Kl. 1954 


Cyatheacidites ( Cookson ) R. Pot. 1956 


Genotype — Cyatheacidites annulatus Cook- 
son 1947, p. 136 PENSER 

Locus typicus — Kerguelen Archipelago; 
Waterfall Gorge; Tertiary ? 


Cyatheacidites pulcher nov. sp. 


Holotype — PI. 1, Figs. 7, 8; Diameter 47 u. 
Locus typicus — India, Malabar Coast, 
Cannanore Beach; Tertiary. 


SPECIFIC DIAGNOSIS 


Diameter 47 u; equator triangular, angles 
rounded showing a smooth cingulum; extrema 
lineamenta partly irregularly sinuous; Y-mark 
distinct, rays reaching the cingulum, being as 
broad at ends as at the apex. On the distal 
side there is, upon the line between cingulum 
and central body, a line of verrucae; these 
verrucae are not of the same shape and size, 
sometimes they are as broad as high, some- 
times more broad. We call them verrucae 
because they are only seldom a little tapering, 
mostly rounded at the upper end or some- 
times cut away. Inside this triangular line 
of verrucae the distal side is covered with 
other verrucae which are more equal in size 
and seem to have the shape of a broadly 
rounded half disc or scale; these scales are 
only loosely arranged; the same scales appear 
on the proximal side between the rays of the 
Y-mark but there they are much more small, 
their bases perhaps only one-third of the 
distal scale. 


SPECIFIC DIFFERENTIAL DIAGNOSIS 


Our form is more triangular than Cyathea- 
cidites annulatus Cookson. The verrucae of 
C. pulcher greatly differ from those of C. 
annulatus mostly in being disc-shaped. 


Turma — Monoletes Ibrahim 1933 
Subturma — Azonomonoletes Luber 1935 
Infraturma — Psilamonoleti 
V. D. Hammen 1955 


Monolites ( Erdtman 1947) ex Potonié 1956 


Genotype — Monolites major Cookson 1947, 
PASS PIS Abies 

Locus typicus — Kerguelen Archipelago 
Tertiary 


THE PALAEOBOTANIST 


Monolites sp. 
101 11 0 


ANALYSIS 


Only one specimen observed 

Diameter 86 x 126 u; equator oval, narrow 
ends broadly rounded; outline partly notched 
Exine finely infrareticulate? Upon the 


} 


middle line a monolete mark as long as about | 


one-third of the longer axis 


Infraturma — Ornati R. Pot. 1956 
Polypodiidites Ross 1949 


Genotype — Polypodiidites senonicus Ross । 


1019 1233 121 As 

Locus typicus — South Sweden, Äsen, 
Näsum Parish, N.E. Bay of Ivösjen lake; 
Cretaceous. 


GENERIC DIAGNOSIS 


(See also diagnosis in R. Pot. 1956, p. 79.) 


Polypodiidites impariter nov. Sp. 


Holotype — Pl. 
34:37 AI 

Locus typicus — India, 
Cannanore Beach; Tertiary. 


1, Figs. 


Malabar Coast, 


SPECIFIC DIAGNOSIS 


Size 34:5x 47-5 u; meridian broadly bean- 
shaped; distal side well rounded; proximal 
line + straight; form rigid; exine completely 
covered with coni which sometimes are 
+ rounded at the points, +17 coni seen on 
the extrema lineamenta of the distal curve; 
coni mostly not higher than the breadth of 


their bases. 


SPECIFIC DIFFERENTIAL DIAGNOSIS 


The elements of the ornamentation of the 
species described till now in the genus are not 
so clearly conical as in our species. 


ANALYSES 


Preparation 49/2 (Pr. 1, Fics. 9, 10) — 
Diameter 34-5 x 47-5 u; broadly bean-shaped 
proximal line of the meridian cut straight 
form rigid; exine completely covered with 
coni but which sometimes are + rounded at 
the points, +17 coni seen on the extrema 
lineamenta of the distal curve. 

Preparation 53/3 (Pr. 1, Fic. 6) — Dia- 
meter 21:5 47-5 u; broken in two halves 
along the meridian; 16 coni seen on the 
extrema lineamenta of the distal curve. 


9, 10; Diameter I 
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Anteturma — Pollenites R. Pot. 1931 
Turma — Saccites Erdtman 1947 
Subturma — Monosaccites 
( Chitaley 1951) Pot. & Kr. 1954 


Cannanoropollis nov. gen 


Genotype — Cannanoropollis janakii 105 
sp.; Pl. 2, Fig. 1; Diameter 112 u 

Locus typicus — India, Malabar 
Cannanore Beach; Tertiary. 


Coast, 


GENERIC DIAGNOSIS 


Equator circular, broadly oval or very 
rounded subtriangular; central body corres- 
ponding to the equator; equatorial velum or 
saccus small of more or less equal breadth, 
with an irregular and slightly notched, or 
only somewhat sinuate border; infrareti- 
culation of the saccus with fine rounded 
lumina, as broad, or +3 times, as the muri 
only sometimes the saccus seems irregularly 
striated in radial direction if saccus is more 
or less shrunken. Infrareticulation of central 
area often finer than in saccus. In certain 
cases a circular darker band is observed 
between central area and saccus; Y-mark 
present, sometimes imperfect or even perhaps 
a bent monolete mark. 


GENERIC DIFFERENTIAL DIAGNOSIS 


From the tertiary genera described till now 
the genus Tsugaepollinites must be compared. 
Here also occurs sometimes the darker 
eircular band between central area and 
saccus. But the reticulation of central area 
and saccus is overwhelmed by sinuated and 
even more or less sculptured muri. The 
velum is sometimes so much shrunken that a 
radial structure is more clearly observed. A 
Y-mark is not seen in Tsugaepollinites. 

Pastiels ( 1948, p. 59, Pr. 6, Fics. 33, 34) 
has figured a specimen from the Eocene of 
Belgium which agrees with our new genus in 
its general form and size but it does not seem 
to be the same as our species. A tetrad mark 
is not seen and the reticulation of the saccus 
has not been mentioned nor is it clearly seen 
in his figures. The central body is said to 
be granulate but this remark may be due 
to the state of preservation. The folded 
rim surrounding the central body has been 
observed. 

The Permian genotype of Nuskoisporites 
(Nuskoisporites dulhuntyi Pot. & Kl.) has an 
equator which is absolutely circular, more 
than that of our specimen. Here we can 
speak no more of a velum but of a saccus. 
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The saccus shows an equatorial limbus not 
seen in our specimen. The nearly circular 
central area is not often surrounded in our 
specimens by a darker circular band. But 
it is sure that in the genus Nuskoisporites 
have later been placed other species which 
show transitions to our genus. On the other 
hand, the genotype of the genus Cannanoro- 
pollis shows a shape which we would never 
have placed under the genus Nuskoisporites. 
Now we have the difficulty that between the 
two extreme forms ( these are the two geno- 
types of both genera), we have many 
transitions. But forms as Nuskotsporites 
dulhuntyi do not occur in the younger rocks, 
and forms as Cannanoropollis janaku till now 
have not been seen in the Permo-Carboni- 
ferous. We, therefore, separate the two 
genera in the following way. Forms found 
in the older rocks and approaching more or 
less the younger shapes are in spite of this 
placed in the genus Nuskoisporites, while 
forms in the younger strata appearing like 
transitions to Nuskoisporites should be put 
in Cannanoropollis. 


Cannanoropollis janakii nov. sp. 


Holotype — Pl. 2, Fig. 1; Equatorial 
diameter 112 u. 
Locus typicus — India, Malabar Coast 


Cannanore Beach; Tertiary. 


SPECIFIC DIAGNOSIS 


Size ranges from 95 to 133 wu; equator 
mostly circular; central area surrounded 
by a velum, breadth of velum + one-third of 
the entire radius; mostly a distinct Y-mark, 
rays of Y-mark one-half to one-third of the 
radius of the central area, rays differing in 
breadth from specimen to specimen, some- 
times faint and sometimes not clearly seen; 
lumina of the reticulum at the most two or 
three times broader than the muri separating 
them. In one case lumina greater in the 
velum than in the central area, velum 
sometimes a little shrunken with small ra- 
dial folds; extrema lineamenta + irregularly 
notched. Another circular band between 
circular area and velum not observed. 


SPECIFIC DIFFERENTIAL DIAGNOSIS 


This species differs from C. malabarensis 
nov. sp. in having a velum which does not so 
much appear as a saccus as in the latter 
species and also a circular band does not exist 
in C. janakt as it does in C. malabarensis 
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From C. medicus nov. sp. it differs in having 
a more circular equator and in having a 
distinct Y-mark. 


ANALYSES 


Preparation 1/12 (Pr. 22 Tie I 
Equatorial diameter 112 u; outline more 
circular; velum showing no other circular 
zone inside; infrareticulation of central 
body with lumina 2 or 3 times broader than 
muri (i.e. greater than often in C. medius ); 
Y-mark distinct, rays of Y-mark one-half or 
less than radius of central body, and of equal 
breadth in the entire length; extrema 
lineamenta irregularly notched. 

Preparation 1/13 — Equatorial diameter 
133 u; border line circular; velum finely infra- 
reticulate, but partly a little shrunken, and 
having small radial folds; central body with 
Y-mark, rays one-third to one-half of the 
radius of central body; rays more narrower 
than in Preparation 1/12. 

Preparation 2/10 — Diameter 107-5 x 124-5 
uw; outline irregularly oval; Y-mark faint, 
rays + one-third of the central body. 

Preparation 2/13 — Equatorial diameter 
95 u; only 2 rays of the Y-mark seen; out- 
line circular; irregularly notched; reticulum 
in the central body clear, in the velum 
shrunken. 

Preparation 3/12 (PL. 2, Fic. 2) — 
Equatorial diameter 119 u; outline circular; 
border (not a band) between velum and 
central area clearly seen; lumina of reti- 
culum in velum greater than in central body; 
rays of Y-mark clear and narrow, measuring 
one-half or a little more than the radius of 
central area. 


Cannanoropollis malabarensis nov. sp. 

Holotype — Pl. 2, Fig. 5; Equatorial dia- 
meter 103 u. 

Locus typicus — India, 
Cannanore Beach; Tertiary. 


Malabar Coast, 


SPECIFIC DIAGNOSIS 

Size varies from 103 to 146 u; equator 
circular or little subtriangular; extrema 
lineamenta + irregularly notched. Between 
central area and saccus a darker circular band 
may be seen; in such cases breadth of the 
saccus outside the dark circle + one-third of 
the radius of the entire specimen; lumina of 
infrareticulation mostly circular, separated 
by muri appearing + as broad as lumina; 
infrareticulation finer in central body, chiefly 
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in its centre; lumina very sharp and fine in L 
position. Y-mark faint and narrow, mostly 
seen but not always, rays + one-third to a 
little more than one-half of the radius of the 
central area. 


SPECIFIC DIFFERENTIAL DIAGNOSIS 


These forms approach Nuskoisporites but 
it is valid what has been said in the differen- 
tial diagnosis of the genus. 

It is impossible that these spores are on 
secondary place as those of Cookson ( 1955, 
p. 6) for Nuskotsporites found in Cretaceous 
and Lower Tertiary rocks of Australia. Our 
spores have been found in large number by 
Sah together with other Tertiary spores and 
pollen grains and without any other elements 
characteristic of older formations in an 
autochthonous lignite. 

Cannanoropollis malabarensis differs from 
both the other forms of this genus in having 
a velum approaching to a saccus. 

ANALYSES 

Preparation 1/16 (Pr. 2, Fic. 5) — Dia- 
meter of equator 103 u; circular; central 
area is separated from the monosaccus by a 
broad darker circle; the infrareticulation of 
the saccus does not show radially arranged 
elements. The lumina of the infrareti- 
culation are + circular and separated by 
relatively broad muri; it is a reticulum 
perfectum; the infrareticulation of the central 
body is finer in its centre. The exine of the 
body is ripped open in the form of an irregular 
Y-mark. The primary form of Y-mark is 
not seen. 

Preparation 1/5 (Pi. 2, Fics. 6, 7) — 
Equatorial diameter 112 u; equator circular 
to a little subtriangular; the darker circle 
surrounding the central area is not very 
clearly separated from the monosaccus, it is 
also + dark; the infrareticulation of the 
central body very well developed; clear OL 
phenomenon is observed in the lumina, 
lumina in L position very sharp and fine; 
the muri between the lumina appearing + as 
broad as the lumina. A faint but narrow 
Y-mark is seen; rays of Y-mark larger than 
one-half radius of the central area. 

Preparation 1/8 — Equatorial diameter 116 
wu; infrareticulation of central area good, 
but no L position of lumina possible; Y-mark 
very faint with narrower rays, seemingly not 
longer than half the radius of central area. 


Extrema lineamenta of saccus irregularly 
notched. 
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Preparation 1/9 ( PL. 3, Fic. 1) — Greatest 
equatorial diameter 129 u; extrema lineamenta 
circular; darker circle surrounding central 
area well developed; breadth of the saccus 
outside the dark circle one-third of the radius 
of the entire specimen; Y-mark not seen; OL 
phenomenon is rather well seen in the reti- 
culation of the saccus. 

Preparation 2/1 — Equatorial diameter 112 
u; equator circular to subtriangular; extrema 
lineamenta irregularly notched; Y-mark faint; 
darker circle surrounding the central area 
sharply lined. 

Preparation 2/7 — OL phenomenon to be 
observed in the central body and the 
saccus; exine ripped open in the region of 
Y-mark. 

Preparation 2/10 ( Pr. 3, Fic. 2) — Equa- 
torial diameter 124-5 u; rays of Y-mark only 
one-third of the radius of central area; dark 
zone between central area and saccus not 
clear. 

Preparation 2/14 — Equatorial diameter 
116 2; extrema lineamenta irregularly notched ; 
region of the Y-mark opened with a triangular 
rupture. 

Preparation 3/1 — Equatorial diameter 
107-5 u; Y-mark very faint; breadth of 
accus one-third of the total radius of the 
specimen. 


Cannanoropollis medius nov. sp. 


Holotype — PI. 2, Fig. 3; Diameter 121 x 
27:5 u. 

Locus typicus — India, 
Sannanore Beach; Tertiary. 


Malabar Coast, 


SPECIFIC DIAGNOSIS 


Size range from 90x 99 u to 125 x 146 u; 
quator + circular to broadly oval; extrema 
ineamenta irregularly undulated to notched, 
nostly without darker circular band between 
accus or velum and central area. Breadth 
»f velum one-third to one-fourth of the longer 
xis of the whole grain. Lumina of infra- 
eticulation not very much broader to about 
hree times that of muri, + finer reticulation 
n the central area. No Y-mark or monolete 
nark; in one case a bent line which does not 
ıppear to be clear proximal mark. 


SPECIFIC DIFFERENTIAL DIAGNOSIS 


This species differs from both the other 
pecies in having no tetrad mark and in 
aving a smaller velum than Cannanoropollis 
nalabarensis. From its form and shape it 


appears to occupy a position intermediate 
between C. janakw and C. malabarensis. 


ANALYSES 


Preparation 1/4 (Pr. 2, Fic. 3) — Dia- 
meter 121 127-5 u; equator broadly oval; 
extrema lineamenta irregularly undulated; 
central body surrounded by a small velum, 
e.g. Tsugaepollenites Pot. & Ven. (1934). 
The velum may also be named a very small 
saccus, breadth of velum one-fourth radius of 
longer axis of the whole grain; infrareticulum 
of velum perfect, lumina not very much 
broader than the short and straight muri 
as is not seen in Tsugaepollenites where muri 
are undulated. Finer reticulum in central 
body; exoexine of one side of central body 
broken out; no Y-mark. 

Preparation 1/1 — Diameter 90x99 u; 
extrema lineamenta not complete; no Y-mark. 

Preparation 1/2 — Diameter 94-5 x 107-5 
u; no Y-mark; infrareticulation of velum 
with a little broader lumina, their breadth 
being 3 times that of muri. 

Preparation 1/7 — Diameter 120-5 x 146 u; 
outline irregularly oval and notched; velum 
one-third of the greater radius; no Y-mark; 
infrareticulation as in Preparation 1/4. 

Preparation 1/11 (PL. 2, Fic. 4) — Dia- 
meter 103x112 u; no Y-mark; a darker 
circular band around the central body; 
infrareticulation as in Preparation 1/4; 
extrema lineamenta notched. 

Preparation 1/14 — Diameter 116x133 u; 
darker zone inside the velum only faint; 
on the apex of the central body a bent line 
(not surely a proximal mark ) 

Preparation 2/6 — Diameter 121x138 u; 
exine of central body ruptured; no Y-mark 
or monolete mark seen. 

Preparation 2/5 — Line separating velum 
and central body on one side is quite well 
seen. 

Preparation 3/11 — Diameter 107-5 u; 
more circular than oval; darker zone only 
faint; no Y-mark. 


Subturma — Disaccites Cookson 1947 


Limitisporites ( Leschik 1956) R. Pot. 1958 


Genotype — Limitisporites rectus Leschik 
1956 1 1530 Pl. 2106124157 04.165.%. 

Locus typicus — West Germany, Neuhof 
(near Fulda ); Salt clay of Permian. 


GENERIC DIAGNOSIS 
(See also R. Potonié 1958, p. 55. ) 
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Limitisporites sp. 
Pl. 3, Figs. 5, 6 
ANALYSES OF 4 SPECIMENS 


Size of the whole grain 86125 u; bi- 
saccate; shape haploxylonoid; body + 73 u 
in diameter; monolete mark faintly seen; 
+ bent or straight; sacii with fine infrareti- 
culum, breadth of lumina + twice of the 
muri, less in the central body; reticutum 
perfect. 

We only have four specimens of this form 
which do not show enough to allow a sufficient 
specific analysis, but we think it is permitted 
to put them in the genus Limitisporites 
characterized by a bent or straight monolete 
mark. The genus Limitisporites is a Permain 
one and our specimens are Tertiary, but it 
becomes more and more obvious that certain 
form genera of the Bisaccites have no value 
for finer stratigraphical purposes. 


Turma — Aletes Ibrahim 1933 
Subturma — Azonoaletes ( Luber 1935 ) 
Pot. & Kr. 1954 
Infraturma — Psilonapiti Erdtrnan 1947 


Inaperturopollenites Th. & Pf. 1953 


Genotype — Inaperturopollenites dubius (R. 
12001 01000 ee 13. 1953. 


Inaperturopollenites ruptus nov, Sp. 


Holotype — PI. 1, Fig. 11; diameter 30 u. 
Locus typicus — India, Malabar Coast, 
Cannanore Beach; Tertiary. 


SPECIFIC DIAGNOSIS 


Size varies from 2630 u; extrema linea- 
menta circular, smooth; exine hyaline, secon- 
dary folds; exine may show a triangular, 
+ smooth or opened area surrounded by 
irregular folds. 


SPECIFIC DIFFERENTIAL DIAGNOSIS 


The species differs from the other species 
of the genus in showing sometimes more 
clearly a triangular smooth area which we 
consider as the germinal region. 


ANALYSES 


Preparation 24/2 (Pr. 1, Fie. 12) — Dia- 
meter 26 u; outline irregularly polygonal due 
to many secondary folds, smooth; exine thin, 
very faintly and finely infragranulose. 

Preparation 48/5 (Pr. 1, Fic. 11) — 
Diameter 30 (५; equator irregularly rounded; 
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exine thin with many secondary folds, being 


+ near the equator; in the centre the exine | 


has opened with a triangular rupture; the 
sides of the triangular area are accompanied | 
by irregular folds which form a + straight ||] 
ligament from equator to equator. | 

Preparation 50/4 — Diameter 26 u; the 
triangular area in the centre of the exine | 
surrounded by folds do not seem to be) 
ruptured; outline of the circular extrema | 
lineamenta smooth; structure in the exine ||] 
not seen. i} 


Infraturma — Reticulonapiti (Erdtman 
1947 ) Vimal 1952 


Bireticulasporis nov. gen. 


Genotype — Bireticulasporis indicus nov. 
sp.; PT 3, Figs. 7, 8; diameter 120-5 0: 
Locus typicus — India, Malabar 


Cannanore Beach; Tertiary. 


Coast, 


GENERIC DIAGNOSIS 


Size varies from 77-5 to 129 u; extrema 
lineamenta circular to irregular circular or 
polygonal; outline undulated to irregularly 
dentate, sometimes + straight; the outline 
may or may not be accompanied by a 
+ narrow darker band which apparently |] 
results from the folding of the peripheral jf 
exine in tangential plane. The exine shows 
two ornamentations; a finer reticulation in | 
the higher focus and a clear coarse reticulation 
in the deeper focus; the lumina of the deeper 
reticulation have a diameter several times as 
great as the diameter of the reticulation in 
the higher focus. In the last reticulation the 
lumina are + rounded and sometimes with 
diameter less than the muri between them. 
The coarser reticulation shows greater lumina 
with + polygonal shape or sometimes with 
muri which are a little sinuous. A tetrad 
mark or another germinal apparatus is not 
seen. 


GENERIC DIFFERENTIAL DIAGNOSIS 


The genus Tsugaepollinites differs in having 
around the whole exine an ornamentation of 
undulated muri. The darker peripheral band 
is, if it is seen, developed as a plain velum, 
while in our case we only see a tangentially 
shrunken exine. 

The genus Cannanoropollis nov. gen. 
( see page 127) also shows a clear velum or 
even a monosaccus and does not show two 
different reticula in different foci. 
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Bireticulasporis indicus nov. sp. 


Holotype — Pl. 3, Figs. 7, 8; diameter 
120-5 u. 

Locus typicus — India, Malabar Coast, 
Cannanore Beach; Tertiary. 


SPECIFIC DIAGNOSIS 


Size range from 77:5 to 129 u; outline 
+ irregular circular, partly irregularly den- 
tated if exolamella shrunken or partly dis- 
appeared; darker band along the periphery 
absent; muri of the coarser reticulum some- 
times sinuous, mostly straight; lumina 
+ polygonal, often having more than ten 
times the breadth of the muri. The fine 
reticulation of the higher focus may be faint 
but often is clear. 


SPECIFIC DIFFERENTIAL DIAGNOSIS 


Differs from Bireticulasporis communis nov. 
sp. (see below) in not having a darker 
peripheral band. 


ANALYSES 


Preparation 35/1 — Diameter 129 u; out-. 


line + irregular circular; no tetrahedral 
mark; exine showing reticulation with great 
lumina, the lumina often having more than 
ten times the breadth of the muri, muri 
sinuated in large curves; in the higher focus 
we see a very fine and faint reticulation 
Preparation 35/2 — Diameter 77-5 (५; speci- 
men seems to be shrunken; the coarse reti- 
culum very irregular, the finer not seen. 
Preparation 35] Diameter 103 (५; sur- 
rounding irregular; not more dark than in 
the first; in the extrema lineamenta the muri 
of the reticulation seem to produce a relief 
so that the exolamella would not be present or 
very shrunken; the finer infragranulation is 
only partly seen in the higher plane 
Preparation 35/4 — Diameter 116 u; im- 
perfect preservation of reticulum. In the 
extrema lineamenta, appear on one place the 
muri not covered with the exolamella so that 
the surrounding appears dentated. 
Preparation 36/5 (Pr. 3, Fics. 7, 8) — 
Diameter 120-5 u; in the higher focus a fine 
reticulation, in the deeper focus the coarse 
infrareticulation. The uppermost reticula- 
tion must be covered by an exolamella which 
seems to be observed in the surrounding of 
the grain. Two + circular perforations are 
seen as secondary features. 
Preparation 38/2 (PL. 3, Fics. 3, 4) — 
Diameter 94-5 u; in the higher focus the fine 


reticulation with dark lumina, in the lower 
focus this fine reticulation + disappearing 
and therefore the coarse reticulation with 
sharp dark walls but in each of this greater 
lumina are still to be seen several other of the 
little darker lumina of the first reticulation. 
The surrounding of the grain partly dentated. 

Preparation 45/4 — Diameter 99 u; both 
coarse and fine reticulation seen, coarse 
reticulum not perfect. In the surrounding 
the exine shows an exolamella. 


Bireticulasporis communis nov. sp. 


Holotype — Pl. 4, Figs. 1, 2; diameter 
I SRE 
Locus typicus — India, Malabar Coast, 


Cannanore Beach; Tertiary. 


SPECIFIC DIAGNOSIS 


Size ranges from 86 to 129 yw; outline 
irregular circular to roundly polygonal and 
dentate to faintly sinuate, the extrema line- 
amenta inside is followed by a dark + narrow 
band; this band is formed by very narrow 
and dense tangential folds; coarser reti- 
culum not always perfect perhaps as a re- 
sult of bad preservation; the higher reticula- 
tion sometimes seen as sharp white points 
but in the highest focus as dark points. 


SPECIFIC DIFFERENTIAL DIAGNOSIS 
( See under Bireticulasporis indicus nov. sp.) 
ANALYSES 

Preparation 3/9 (PL. 4, Fıcs. 1, 2) — Dia- 
meter 99-5 u; fine higher focus reticulation is 
very good to be observed with dark lumina 
being less broad than the muri between them, 
coarse reticulation of the lower focus clear 
but imperfect with straight muri as in most 
cases of B. indicus. In the lower focus the 
lumina of the higher reticulation are seen as 
sharp white points inside the lumina of the 
coarse reticulation. No tetrahedral mark. 
Extrema lineamenta roundly polygonal, faintly 
sinuated to dentate, perhaps because the 
exolamella is shrunken and partly ruptured; 
inside the extrema lineamenta there is a darker 
band. 

Preparation 4/1 — Diameter 103 u; higher 
focus reticulation not seen; coarse reticulation 
mostly perfect; outline irregular polygonal to 
rounded and followed by a dark band. 

Preparation 4/5 — Diameter 129 u; lumina 
of fine reticulation with OL phenomenon, 
coarse reticulation of deeper focus only 
partly preserved, mostly destroyed. 
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Extrema lineamenta seems to show an 
arrangement of very sharp tangential folds 
+ around the entire circumference, so that it 
appears as a darker band consisting of 
+ three layers of exine. 

Preparation 5/8 — Diameter 86 uw; both 
reticulations seen, the coarser not completely ; 
walls here a little sinuated; outline of exine 
accompanied by very small and dense tangen- 
tial folds, resulting in a darker circular band. 
It may be that this state of preservation is of 
diagnostic value. 


Turma — Polyplicates Erdtman 1952 


Lirasporis nov. gen. 


Genotype — Lirasporis intergranifer nov. 
sp., Pl. 4, Fig. 4; diameter 82x 109 wu. 
Locus typicus — India, Malabar Coast, 


Cannanore Beach; Tertiary. 


GENERIC DIAGNOSIS 


Size varies from 69 x 103 u to 116x 134 u; 
outline oval, longitudinal ends of oval 
broadly rounded or + tapering, sometimes 
showing irregular protuberances which form 
a jumbled mass; extrema lineamenta + 
smooth except the longitudinal ends which 
are always + notched; following the longer 
axis exists perhaps 20-30 parallel but narrow 
ribs showing between them spaced grana. 


GENERIC DIFFERENTIAL DIAGNOSIS 


The genera Gnetaceaepollenites Thiergart 
(1938, p. 307), Ephedripites Bolchowitina 
( 1953, p. 60), Welwitschiapites Bolchowitina 
(1953, p. 61) and Vittatina Luber (1940) 
never show between the ribs the plain grana 
of our genus. 


Lirasporis intergranifer nov. sp. 


Holotype — Pl. 4, Fig. 4; diameter 82x 
109 y. 

Locus typicus — India, 
Cannanore Beach; Tertiary. 


Malabar Coast, 


SPECIFIC DIAGNOSIS 


We add to the generic diagnosis: Ribs 
much more narrow than the canals between 
them; in the canals sparse grana + regularly 
distributed in distances, perhaps a little 
greater than the breadth of the canals and 
always only a single granum between the 
two adjoining ribs; about 10-20 grana in each 
canal along the longer axis. 


THE PALAEOBOTANIST 


ANALYSES 


Preparation 1/10— Diameter 90 x 112 (५; ex- | 
trema lineamenta broadly oval; outline smooth | 
but notched (gekerbt) at the ends of the 
longer axis; following the longer axis there | 
is a system of perhaps twenty narrow and | 
parallel ribs; the canals between the ribs are | 


much more broader than the ribs. At the 
first view we believe to see that these canals 


are separated by many cross septa in perhaps | 


sixteen rectangular compartments, but these 
‘septa’ consist of little protuberances 
( grana ), which are clear in the higher focus 
and dark in the deeper. 

Preparation 2/5 — Diameter 116x134 u; 
grana in the canals very good to be seen 
with OL phenomenon; grana of adjoining 
canals sometimes + in one straight line but 
in each canal only one granum; more than 


thirty longitudinal ribs seen on the exposed 


surface of the grain, the exine appears more 
dark where the ribs converge at the ends of 
the longer axis. 

Preparation 37/3 ( PL. 4, Fic. 3) — Diame- 


ter 69 x 103 u; the oval outline a little taper- | 


ing at the longitudinal ends; perhaps twenty 
ribs are seen; only one granum in between 
two ribs and about 10-12 in an entire canal. 

Preparation 37/4 ( PL. 4, Fic. 4) — Dia- 
meter 82x 109 u; perhaps twenty ribs seen 
on the exposed surface; 16-20 grana in an 
entire canal; chiefly at one of the longitudinal 
ends of the exine it is jumbled so as to form 
irregular rounded protuberances similar to 
that what Samoilowitz ( 1953, p. 44, Pr. 9, 
Fic. 4a) has shown in Vittatina subsaccata 
and Bolchowitina (1953, p. 61, Pr. 9, Fıc. 
18) in Welwitschiapites magniolobatus. Also 
in Ephedra this peculiar character has been 
observed. 


Turma — Monocolpates Iversen & 
Troels-Smith 1950 
Subturma — Retectines 
(Malawkina 1949) R. Pot. 1958 


Monosulcites (Erdtman 1947) ex Couper 1953 


Lectogenotype — Monosulcites minimus 
Cookson 1947, pp. 34-135, Pl. 15, Fig. 48, 
ca 3000 | 

Locus typicus — Kerguelen Archipelago; 
Tertiary. 


Monosulcites parvus nov. sp. 


Holotype — Pl. 1, 135 
130 2250: 


Fig. diameter 
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Locus typicus — India, Malabar Coast, 
Cannanore Beach; Tertiary. 


SPECIFIC DIAGNOSIS 


Size range 10x17 u to 13x22 u; shape 
very irregular but in better cases boat-shaped 
with + tapering ends; mostly one small fold 
+ attaining the extrema lineamenta, and it 
seems opening at first in the middle and not 
at the ends; besides there are variations of 
the germinal features which are seen in the 
analyses; exine finely infragranulose. 


SPECIFIC DIFFERENTIAL DIAGNOSIS 


Seems to show more variations than the 
other species of the genus and has a smaller 
size. 


ANALYSES 


Preparation 48/7 — Diameter 1017 u to 
1321-5 u; extrema lineamenta smooth and 
appearing irregular circular in the equator 
and irregular oval in the meridian; there are 
also very irregular forms; a germinal area 
seems to exist which may be elongated along 
the longer axis and is accompanied on either 
side by a longitudinal fold, but the folds sur- 
rounding the germinal area may also form a 
triangle or even a square; between are many 
irregular forms; exine finely infragranulate. 
In each perparation there are several grains 
near one another. 

Preparation 49/3 ( Pr. 1, Fic. 14) — Dia- 
meter 1321:5 u; mostly the features 
approach the monocolpate forms; some of 
the grains a little tapering to the ends, in 
some one of the ends more tapering than 
the other. 

Preparation 56/4 (Pr. 1, Fic. 13) — Dia- 
meter 13 x 22 u; mostly only one fold is seen 
following the longer axis, not ever completely 
reaching the outline; meridian sometimes 
bean-shaped, poles very rounded. 


Turma — Tricolporites 


Cupuliferoipollenites R. Pot. 


Genotype — Cupuliferotpollenites (al. Pol- 
lenites) pusillus (al. quisqualis pusillus R. 
mot, 1934.4, p. 71, Pr. 3, Fic. 215152) 
me Pot,-1951, Stuttgart, Pl. 20, Fig. 69; 
Bvien, Pl; 1, Fig: 21. 

Locus typicus — Germany, Geiseltal near 
Merseburg; Lignite; Eocene. 


Cupuliferoipollenites sp. 
(REM biges5)) 


ANALYSIS 


Diameter 13x18 u; ovate; ends of the 
longer axis rounded; colpae not reaching 
equator; pores great; meridian smooth; exine 
with faint and fine infragranulation. 


Turma — Monoporines 


Genus Monoporopollenites Meyer 1956 


Genotype — Monoporopollenites gramineo- 
wes Meyer 1956, p. 111, Pl 4707790229, 
60,23 0h: 

Locus  typicus — Germany, Bavaria, 
Wackersdorf; Lignite; Upper Tertiary. 


Monoporopollenites minimus nov. Sp. 


Holotype — PI. 4, Figs. 6-8; diameter 8-5 u. 
Locus typicus — India, Malabar Coast, 
Cannanore Beach; Tertiary. 


SPECIFIC DIAGNOSIS 


Diameter 8-5 to 11 u; grains only some- 
times in massulae; extrema lineamenta circular 
to oval to subtriangular to polygonal; the 
oval perhaps shows the meridian; one porus 
is sometimes seen, but in many specimens 
not at all; exine with very fine infrapuncta- 
tion; outline smooth occasionally with secon- 
dary folds. 


SPECIFIC DIFFERENTIAL DIAGNOSIS 


Smallest of the monoporate fossil forms 
described till now. 


ANALYSES 


Preparation 27/3 — Diameter 85x11 u; 
equator subtriangular; meridian + circular; 
faint folds, porus scarcely seen; exine with 
very fine infragranulation; outline smooth. 

Preparation 47/1 (PL. 1, Fics. 6-8) — 
Diameter 8:5 u; grains sometimes in mas- 
sulae; rounded circular to oval to triangular 
to polygonal; there is sometimes seen one 
porus; outline smooth; exine with very fine 
infrapunctation. 


? Turma — Massuloides Pflug 
(in Th. & Pf.) 1953 


Polyadopollenites Th. & Pf. 1953 
Genotype — Polyadopollenites multipartitus 
BY (an, Th 8201953, 18 112 (PL 1S, 
Figs. 65-66. 


18%; 


Locus typicus — Germany, Borken (near 
Kassel); Lignite; Higher Eocene to 
Oligocene. 

Polyadopollenites multifidus nov. sp. 


Holotype — Pl. 4, Fig. 10; diameter of 


whole massula 70172 u; single spore 
+21°5 u. 
Locus typicus — India, Malabar Coast, 


Cannanore Beach; Tertiary. 
SPECIFIC DIAGNOSIS 


Single grains of massula irregularly rounded 
to sub-triangular, sometimes with ( secon- 
dary ?) folds; exine thin, faintly infra- 
granular; outline smooth. The grains are 
arranged in elongated massula, perhaps also 
in more rounded ones. 


SPECIFIC DIFFERENTIAL DIAGNOSIS 


Our species differs from the genotype in 
having mostly much more than twenty grains 
in a massula. They may be sometimes more 
than hundred. 


CONCLUSIONS 


In the Cannanore lignite the following new 
genera and species have been described — 
Lycopodiumsporites perplexus nov. sp.; Cya- 
theacidites pulcher nov. sp.; Polypodiidites 
impariter nov. sp.; Cannanoropollis janakti 
nov. gen. et nov. sp.; Cannanoropollis mala- 
barensis nov. Sp. | Cannanoropollis medius nov. 
sp.; Inaperturopollenites ruptus nov. sp.; 
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Bireticulasporis indicus nov. gen. et Nov. sp.; 
Bireticulasporis communis nov. sp.; Lira- 
sporis intergranifer nov. gen. et nov. sp.; 
Monosulcites parvus nov. sp.; Monoporopol- 
lenites minimus nov. sp.; Polyadopollenites | 
multifidus nov. sp. Further we also found | 
Monolites sp., Limitisporites sp., and Cupuli- | 
feroipollenites sp. 

Most of these forms have not till now been 
found in the other Tertiary sediments of 
India. The general habit of the spore content 
is in spite of this a Tertiary one. Therefore, 
we conclude from the topographical and 
geological position that our lignite may 
belong to the highest Miocene or to the 
deeper Pliocene. 

The most interesting of the new genera is 
Lirasporis having some morphographical 
features of Ephedra but showing between the 
ribs clear lines of grana. We feel certain 
that this form will have stratigraphical value. 
Another curious genus is Cannanoropollis 
which, in spite of morphographical relations, 
can be differentiated from Nuskoisporites 
and differs clearly from Tsugaepollenites. 
We were astonished to find between the 
Tricolporites only the genus Cupuliferoipol- 
lenites and not at all forms of the Triporites, 
both not being rare in the other Tertiary 
sediments of India. On the whole the 
number of species is not great. A dimi- 
nishing of the number of species is also 
observed from the European Miocene to the 
Pliocene. This is only mentioned without 
attaching greater significance. 
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EXPLANATION OF PLATES 


All the figures are from untouched negatives. 


Allxca.500. Specimen No. 29817/396. Slides 


preserved at the Birbal Sahni Institute of Palaeobotany museum. 


PLATE 1 


1, 2. Lycopodiumsporites perplexus n. sp. Holo- 
type (high and low focus). Slide No. 61/2. 

3. Lycopodiumsporites perplexus n. sp. Paratype. 
Slide No. 60/2. 

4. Lycopodiumsporites perplexus n. sp. Paratype. 
Slide No. 60/1. 

5. Cupuliferoipollenites sp. Slide 

6. Polypodiidites impariter n. 
Slide No. 53/3. 

7, 8. Cyatheacidites pulcher n. sp. Holotype ( high 
and low focus). Slide No. 16/1. 

9, 10. Polypodiidites impariter n. sp. Holotype 
(high and low focus). Slide No. 49/2. 

11. Inaperturopollenites vuptus n. sp. Holotype. 
Slide No. 48/5. 

12. Imaperturopollenites ruptus n. sp. Paratype. 
Slide No. 24/2. 


NOMS) 22 
sp. Paratype. 


13. Monosulcites parvus n. sp. Holotype. Slide 
No. 56/4. 
14. Monosulcites purvus n. sp. Paratype. Slide 


No. 49/3. 


PLATE 2 


15. Cannanoropolis ja nakii n. gen.et. n. sp. Geno- 
ype and Holotype. Slide No. 1/12. 
16. Cannanoropolis janakii n. gen. et. n. sp. Para- 


type. Slide No. 3/12. 

17. Cannanoropolis medius n. sp. Holotype. Slide 
No. 1/4. 

18. Cannanoropolis medius n. sp. Paratype. Slide 
Now 111. 


19. Cannanoropolis malabarensis n. sp. Holotype. 
slide No. 1/16. 


20, 21. Cannanoropolis malabarensis n. sp. Para- 
type (high and low focus). Slide No. 1/5. 


PLATE 3 
22. Cannanoropolis malabarensis n. sp. Slide 
No. 1/9. 
23. Cannanoropolis malabarensis n. sp. Slide 
Now 2/10; 


24, 25. Bireticulasporis indicus n. sp. Paratype 
(high and low focus). Slide No. 38/2. 

26. Limitisporites sp. Slide No. 1/3. 

27. Limitisporites sp. Slide No. 3/13. 

28, 29. Bireticulasporis indicus n. gen. et. n. sp. 
Genotype and Holotype (high and low focus). 
Slide No. 36/5. 


PLATE 4 


30, 31. Bireticulasporis communis n. sp. Holo- 
type (high and low focus). Slide No. 3/9. 

32. Lirasporis intergranifer n. sp. Paratype. 
Slide No. 37/3. 

33. Lirasporisintergranifer n. gen. et n. sp. Geno- 
type and Holotype. Slide No. 37/4. 

34. Monolites sp. Slide No. 3/8. 

35, 36. Monoporopollenites minimus n. sp. Holo- 
type. Slide No. 47/1. 

37. Monoporopollenites minimus n. sp. Paratype. 
Slide No. 49/4. 

38. Polyadopollenites 
type Slide No. 47/2. 

39 Polyadopollenites multifedus n. sp. Holotype. 
Slide No. 28/8. 


multifedus n. sp. Para- 


STUDIES IN THE DECCAN INTERTRAPPEAN FLORA: TWO 
PALM WOODS FROM MOHGAON KALAN 
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Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


The present paper deals with the anatomy of two 
new species of Palmoxylon, P. dakshinense and 
P. chhindwarense, collected from the Intertrappean 
beds of Mohgaon Kalan in Chhindwara District of 
Madhya Pradesh. 


INTRODUCTION 


here from the 
well-known locality of Mohgaon Kalan 
in the Deccan Intertrappean Series of Chhind- 
wara District in Madhya Pradesh. So far 
only two species of Palmoxylon, P. hislopi 
and P. kamalam have been briefly described 
by Rode (1933) from the same locality. 
P. kamalam has been further described by 
Shukla (1939) from Reserve Forest area 
between Pupuldoh and Paraspani villages. 
Apart from Mohgaon Kalan, the Deccan 
Intertrappeans have yielded a rich collection 
of fossil palms from other localities also 
(SCHENK, 1882; STENZEL, 1904; SAHNI, 
1931, 1943, 1946; RoDE, 1934; SHUKLA, 1941, 
1946; LAKHANPAL, 1955 ). 


sh WO new species of petrified palm 
stems are described 


DESCRIPTION 
Monccotyledoneae 


PALMAE 


1. Palmoxylon dakshinense sp. nov. 


The descriptive terminology used here is 
the same as suggested by Professor Sahni 
(1943) in his paper on Palmoxylon sclero- 
dermum. 

The fossil palm wood measures 4-5-5-5 cm. 
in diameter and 8-5 cm. in length from which 
a number of sections were prepared for study. 
The preservation of the wood is quite satis- 
factory except in the cortical region where 
it is extremely poor. 

Cortex — It is incomplete and only 5 mm. 
in thickness. It contains numerous circular 
to oval fibrous bundles of different sizes, 
scattered irregularly in the ground tissue 
( TEXT-FIG. 1). Among the fibrous bundles 


are seen small fibrovascular bundles of dif- 
ferent shapes (TExtT-FIc. 1). The fibro- 
vascular bundles are irregularly orientated, 
50-112 u in size and usually possess 2-3 
vessels. A number of small, round to oval, 
canal-like structures are also seen in the 
ground parenchyma of this region. They 
are 64-80 u in diameter and appear to be 
gum or resin canals. The ground tissue is 
made up of parenchymatous cells with 
slightly irregular outline. 

Dermal Zone — It is about 5 mm. thick. 
In cross-section the fibrovascular bundles are 
normally orientated and closely placed 
( Pr. 1, Fics. 1,9). They are small, usually 
elliptical to obovate, only 160-5604 in size, 
and possess 1-2 vessels ( Pr. 1, Fics. 7, 9). 
Sometimes they are somewhat orbicular or 
reniform or even variously shaped. The 
vessels are placed side by side and generally 
have irregular outline. The vascular part 
is either completely included or partly 
excluded. The auricular lobes are more or 
less roundly pointed (Pr. 1, Fic. 9). No 
stegmata are to be seen round the fibrous 
part of the bundles and the phloem is not 
preserved. The fibrovascular bundles num- 
ber 200-270 per cm.? and their f/v ratio is 
10:1t016:1. The leaf-traces are sporadic. 
The fibrous bundles are altogether absent. 
The ground tissue of this region is rather 
compact with scanty and small intercellular 
spaces: ( Pr. 1, Fıcs.-7, 9), Itziszmadeses 
of lobed cells ( Pr. 1, Fıc. 7; TEXT-FIG. 2). 

In one of the cross-sections towards the 
periphery of this zone are two small oval to 
ovate structures (Pr. 1, Fıc. 2) with a few 
round to oval cells in the middle bounded by 
a number of radially disposed cells. A 
somewhat similar structure is also seen in 
Palmoxylon rutherfordi ( STOCKMANS & WIL- 
LIERE, 1943a, Pr. 5, Fic. 9) described from 
Belgium. 

Subdermal Zone — The fibrovascular bun- 
dles are again regularly orientated, com- 
paratively more sparse, 50-90 per cm.?, and 
generally orbicular to obovate, although oval 
shape is not uncommon (Pr. 1, Fics. 4, 5). 
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TEXT-FIGS. 1, 2 — Palmoxylon dakshinense sp. nov. 1, distribution of the fibrovascular bundles ( fv.b.) 


in the cortical zone. 


Two fibrous bundles ( f.b.) are also seen among the fibrovascular bundles. 


Fibrous 


bundles cross-hatched, selerenchyma solid black, xylem parenchyma and phloem patch left unshaded. 


x 60. 


2, ground tissue cells of dermal zone. 


A few bundles lying towards the centre are 
reniform in shape (PL. 1, Fic. 6). The 
fibrovascular bundles are big, 600-900 » in 
diameter and their f/v ratio varies from 
12:1 to'17:1. The vascular part of the 
fibrovascular bundles consists of mostly two 
vessels showing slightly irregular outline 
ete) hie. <5,): 

The auricular lobes of the dorsal scleren- 
chyma are more or less round or somewhat 
pointed and the median sinus is concave 
mPr. 1, Pies. 4, 5) and sometimes quite 
deep. The phloem is not preserved. There 
are no purely fibrous bundles and the steg- 
mata are also absent. The tabular paren- 
chyma is present round the fibrous part of 
the fibrovascular bundles and it appears to 
be usually in one layer. The radiating 
parenchyma is also present round the vas- 
cular part of the bundles (Pr. 1, Fics. 4, 5, 6). 
The ventral sclerenchyma is present in all the 
bundles ( Pr. 1, Fic. 5) and it is sometimes 
well developed in those lying far away from 
the periphery. A few bundles towards the 
centre are irregularly orientated (PL. 1, 
Fic. 6), which shows that this part may be 
very close to the central region. The leaf- 
trace bundles are fairly common in this 
region (Pr. 1, Fic. 6). 

The ground tissue ( PL. 1, Fic. 5) is dis- 
tinct from that of the dermal region in that 
it shows a highly lacunate condition. It is 
formed of a network of narrow cells, generally 
Y-shaped, enclosing conspicuous, polygonal 
intercellular spaces, usually big enough to be 
visible to the naked eye. 

In the longitudinal sections ( Pr. 1, Fic. 8 ), 
however, the cells of the ground tissue are 
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generally small, squarish to rectangular and 
sometimes round. Thev are usually ar- 
ranged in chains or tiers. 

The protoxylem vessels show spiral pitting 
whereas the pitting of the metaxylem vessels 
is of scalariform type ( PL. 1, Fic. 3) 

The leaf-trace bundles are present through- 
out the cross-section of the wood but are 
best seen in the subdermal region. These 
are easily distinguishable by their well- 
developed vascular part which projects far 
out of the median sinus as a tongue-like 
process. In addition to the usual pair of 
big vessels, there are a number of small to 
medium-sized vessels bounded by a ventral 
sclerenchymatous arch. 

The fibrous part of the fibrovascular 
bundles is composed of thick-walled, penta- 
gonal to hexagonal cells, each with a small 
central lumen (PL MATE) M In cross- 
section, the cells increase in size from the 
posterior to the anterior side of the bundles. 


COMPARISON AND DISCUSSION 


Palmoxylon dakshinense is characterized by 
the presence of lacunate ground tissue, hence 
it is to be compared only with those species 
of Palmoxyla which possess porous funda- 
mental tissue. A number of species showing 
lacunate ground tissue have been described 
from India and outside. The Indian species 
are Palmoxylon blanfordi Schenk ( SCHENK, 
1882; STENZEL, 1904), P. wadiai Sahni 
(1931), P. mathurt Sahni (1931), P. jam- 
muense Sahni (1931), P. kamalam Rode 
(1933) Be hnislobizRoder (1933) and) P: 
arcotense Ramanujam (1953 ). 
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Palmoxylon blanfordi resembles Palmoxylon 
dakshinense to a certain extent but differs 
from it in having radial parenchyma all 
round the fibrovascular bundles and in the 
absence of posterior sclerenchymatous arch. 
A detailed comparison between P. dakshi- 
nense and P. blanfordi is not possible because 
in the latter species only the central region 
is known. 

With Palmoxylon jammuense, P. dakshi- 
nense resembles in the general form of the 
fibrovascular bundles, in the nature of the 
ground tissue of the subdermal zone as seen 
in the cross-section and in the presence of 
radiating parenchyma over the vascular part 
of the fibrovascular bundles, otherwise in 
other characters they are quite apart. 

The petrified palm wood from Cutch, 
Palmoxylon mathuri is peculiar in that the 
fibrovascular bundles are very small in size 
with their characteristic form, and the 
ground tissue is like a loose network with 
exceedingly slender fibrous bundles. The 
differences between the two species are, 
therefore, quite obvious. 

Palmoxylon dakshinense also differs from 
P. wadiai from Jammu (Punjab) and P. 
arcotense from South India in having radiat- 
ing parenchyma round the vascular part of 
the fibrovascular bundles. It is further 
distinguished from P. wadiai in the absence 
of thick-walled cells scattered in the ground 
tissue. Similarly from P. arcotense the 
present species shows a number of other 
important differences which are: the fre- 
quency of the fibrovascular bundles in 
different regions of P. dakshinense is more 
( 200-270; 50-90 per cm.?) than in P. arco- 
tense ("1105 “50-65 per ”em.2)% 
lacunae are more angular in P. dakshinense 
than in P. arcotense where they are more or 
less oval. 

There are also quite obvious differences 
between Palmoxylon dakshinense and P. 
kamalam ( RoDE, 1933, pp. 81, 82; SHUKLA, 
1939), another palm wood from Mohgaon 
Kalan. P. dakshinense is distinguished from 
P. kamalam in the absence of radial paren- 
chyma all round the fibrovascular bundles, 
in the presence of posterior sclerenchyma and 
lastly in the absence of linear dark regions 
just midway between the neighbouring bun- 
dles, which serve to divide the whole ground 
mass of P. kamalam into distinct compart- 
ments. 

Palmoxylon dakshinense resembles some- 
what more closely with P. hislopi which is 


and the. 
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also described from Mohgaon Kalan. They 
resemble each other in the presence of radia- 
ting and tabular parenchyma and also to 
some extent in the nature of the ground 
tissue as seen in the cross-section. However, 
there are more obvious differences between 
the two. They are: the f/v ratio of the 
bundles of subdermal region is more in 
P. dakshinense (12:1 to 17:1) than in P. 
hislopi (7 : 1) the frequency of the bundles of 
subdermal region is more ( 80-120 per cm?) 
in P hislopi than in Palmoxylon dakshinense 
(50-90 per cm.?) ; the shape of the bundles in 
P. hislopi with their fibrous part orbicular or 
ovate and usually flat median sinus is quite 
different from that of P. dakshinense; and 
Jastly the posterior sclerenchymatous arch is 
present in P. dakshinense and absent in 
P. hislopi. 

P. dakshinense also shows some similarity 
with the foreign species Palmoxylon ligerinum 
(CRIE, 1892; STOCKMANS & WILLIERE, 
1943b ) in the nature of the ground tissue. 
But there are more important differences 
between the two. They are: (1) the absence 
of gum or resin canals in P. ligerinum; (2) the 
completely excluded vessels in P. ligerinum; 
(3) the shape of the bundles in P. ligerinum, 
the fibrous part being hemispherical with a 
flat median sinus; and (4) the presence of 
densely packed cap of 1-3 layers of paren- 
chyma round the fibrous part of the fibro- 
vascular bundles in P. ligerinum. In P. 
dakshinense this type of parenchyına (tabular 
parenchyma ) is also present but it usually 
occurs in one layer of cells. 

Palmoxylon dakshinense is, therefore, quite 
distinct from all the species known so far 
from India and outside. 


DIAGNOSIS 


Fibrovascular bundles irregularly orien- 
tated and variously shaped in cortical zone; 
closely placed, 200-270 per cm.?, usually 
elliptical to obovate, and regularly orien- 
tated in dermal zone; comparatively more 
sparse, 50-90 per cm.?, orbicular to obovate 
and oval, rarely reniform and regularly 
orientated in subdermal zone. F/v ratio 
10:1 to 16:1 in dermal zone and 12:1 to 
17:1 in subdermal zone. Fibrous bundles 
with stegmata only in cortical zone. Both 
tabular and radiating parenchyma present 
in subdermal zone. Ground tissue more 
or less compact with lobed cells in dermal 
zone, highly lacunate in the subdermal zone. 
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Leaf-traces common in subdermal zone. 
Gum- or resin-canal like structures present 
the cortical zone. 
Locality — Mohgaon Kalan in Chhindwara 
district of Madya Pradesh. 
Horizon — Deccan Intertrappean Series. 
Age — Tertiary (probably Eocene ). 
हि Specimen — B.S.I.P. Museum No. 


2. Palmoxylon chhindwarense sp. nov. 


The present specimen is 9-10 cm. in dia- 
meter and shows excellent preservation in 
most of the parts. Here all the three zones 
are present but unfortunately the cortex is 
only partly preserved. 

Cortical Zone — The preservation of this 
region is very poor. It is about 12 mm. in 
the thickest part of the specimen and contains 
a number of fibrovascular bundles which are 
irregularly orientated. The ground tissue 
of this region appears to be composed of 
loosely arranged thin-walled cells. 

Dermal Zone — The fibrovascular bundles 
in this region are crowded, regularly ori- 
entated (Pr. 2, Fıc. 17) and slightly com- 
pressed showing various forms. They are 
small, 200-624 u. in diameter ( Pr. 2, Fics. 11, 
17) and provided with one or two big, 
circular to oval vessels. The fibrovascular 
Bundles-are 297 to 625 per cm? The f/v 
ratio is 45:1to 8:1. The auricular lobes of 
the fibrovascular bundles are bluntly pointed 
and the concavity of the median sinus is 
Quitedeep. The vessels ( Pr. 2, Fics. 11, 17) 
are either completely excluded or partly 
included. Purely fibrous bundles and the 
stegmata are altogether absent. The radiat- 
ing parenchyma is absent but the tabular 
parenchyma is present round the fibrous 
part of the fibrovascular bundles ( PL. 2, 
Fic. 11) and usually occurs in two layers 
of cells. The ground parenchyma ( PL. 2, 
Fic. 11) consists of rather compactly placed, 
thin-walled, round to oval cells. The leaf- 
traces are very rare in this region. 

Subdermal Zone — The fibrovascular bun- 
dles (Pr. 2, Fic. 12) are usually regularly 
orientated and comparatively sparse, being 
156 to 250 per cm.? They are of various 
shapes, and often show one or more flat 
fides (Pr. 2, Fic 12). The bundles are 
692-720 u. in diameter and their f/v ratio 
varies from 3:1 to 5:1. Usually there are 
two big, circular to oval vessels (Pr. 2, 
Fic. 12) placed side by side in the vascular 
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part of the bundles. Mostly these vessels 
are completely excluded but sometimes they 
are partly included. The auricular lobes 
( PL. 2, Fic. 12) are round to bluntly pointed 
and the median sinus is concave to somewhat 
flat ( Pr. 2, Fic. 12). Ventral sclerenchyma 
appears to be present. Xylem parenchyma 
is well preserved, but the phloem is rarely 
preserved. The neighbouring bundles are 
0-04-0-7 mm. apart. Radiating parenchyma 
is absent but the tabular parenchyma is 
present round the fibrous part of the bundles. 
There are no purely fibrous bundles and the 
leaf-traces are sporadic. Stegmata are also 
absent. The general ground tissue is quite 
distinct from that of the dermal zone in that 
it shows slightly lacunate condition due to 
the formation of small intercellular spaces. 
This condition, which is well developed in 
the central zone, has its beginning in the 
subdermal zone. 

Central Zone — The cross-section ( Pr. 2, 
Fic. 10) shows a large number of rather 
widely scattered fibrovascular bundles with 
irregular orientation in a well-developed 
lacunate ground tissue. The fibrovascular 
bundles (Pr. 2, Fic. 10) are orbicular to 
oval, although reniform shape is not un- 
common. They are 580-800 u in diameter 
and 60 to 130 per cm.? The neighbouring 
bundles are 0-08-1-5 mm. apart. There are 
usually two big, circular to oval vessels lying 
side by side and in general completely ex- 
cluded ( Pr. 2, Fic. 10). No stegmata are 
found round the bundles. The arms of the 
dorsal sclerenchyma are usually round ( PL. 2, 
Fics. 10, 14 ) and the median sinus is concave 
toeslightly 0111 / लिया 02 re mOn) 
Ventral sclerenchyma is present. F/v ratio 
is mostly 2:5:1 to 3:1. The xylem paren- 
chyma is well preserved but the phloem 
tissue is only preserved in patches. The 
tabular parenchyma (Pr. 2, Fic. 14) is 
present in 1-2 layers of cells but the radiat- 
ing parenchyma is absent. 

The ground tissue (Pr. 2, Fics. 10, 13) 
consists of narrow more or less rectangular 
cells, often of various shapes, forming loose 
meshes with conspicuous intercellular spaces, 
big enough to be visible to the naked eye 
(0-02-0-25 mm.). Very rarely, the cells 
between the neighbouring bundles are close- 
ly placed leaving very small lacunae. 
In longitudinal sections (Pr. 2, Fic. 15), 
the cells of the ground tissue are small, 
round to oval or tangentially elongated with 
rounded to angular ends. They are usually 
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arranged in tiers. Sometimes they also form 
chains. 

The pitting of the big metaxylem vessels 
is of scalariform type ( PL. 2, Fic. 16). 

The leaf-traces are frequent in this region 
and show a number of small vessels in addi- 
tion to big vessels ( PL. 2, Fic. 13 ). 


COMPARISON AND DISCUSSION 


The palm wood described here differs 
markedly from the hitherto known Indian 
species with lacunar ground tissue ( SCHENK, 
1882; STENZEL, 1904; SAHNI, 1931; Robe, 
1933; SHUKLA, 1939; RAMANUJAM, 1953). 

Palmoxylon chhindwarense shows wide dif- 
ferences from both the Jammu species, viz. 
Palmoxylon jammuense Sahni (1931) and 
Palmoxylon wadiat Sahni (1931). From 
P. jammuense, P. chhindwarense differs in the 
presence of ventral sclerenchyma and tabular 
parenchyma in the bundles and in the 
absence of radiating parenchyma round the 
vascular part of the fibrovascular bundles. 
Also from P. wadiai, the present species is 
distinguished in the presence of tabular 
parenchyma over the fibrous part of the 
fibrovascular bundles and in the absence 
of numerous scattered, thick-walled cells 
in the ground tissue. 

Both the species of palm wood, viz. 
Palmoxylon hislopi Rode (1933) and Pal- 
moxylon kamalam Rode (Rope, 1933; 
SHUKLA, 1939 ), from the Deccan Intertrap- 
pean Series, are also quite distinct from 
P. chhindwarense. P. hislopi differs from the 
present species in having radiating paren- 
chyma round the vascular part of the 
bundles. Similarly, P. kamalam is quite 
distinct from P. chhindwarense in having 
radial parenchyma all round the fibrovascular 
bundles, in the absence of tabular paren- 
chyma round the fibrous part of the bundles, 
and lastly in the presence of distinct com- 
partments in the ground tissue enclosing 
1-2 fibrovascular bundles. 

Palmoxylon mathuri Sahni (1931) from 
Cutch, differs from P. chhindwarense in 
having exceedingly slender fibrous bundles 
in the ground tissue looking like a loose 
network of cells, and in the presence of very 
small fibrovascular bundles with their cha- 
racteristic form. 

Palmoxylon arcotense Ramanujam ( 1953 ) 
differs from P. chhindwarense in the low fre- 
quency of the bundles ( 20-110 per cm.?), in 
slightly high f/v ratio of the bundles (15:1; 
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8:1to5:1: 321.021), and lastly methe 
absence of ventral sclerenchyma in the fibro- 
vascular bundles. | 

Palmoxylon chhindwarense also differs quite 
markedly from P. dakshinense Prakash des- 
cribed in the preceding pages. The dis- 
tinguishing characters are: the presence of 
radiating parenchyma in association with 
the fibrovascular bundles in P. dakshinense; 
the low frequency ( 200-270; 50-90 per cm.?) 
and the high f/v ratio (10: 1to16:1;12:1 to 
17:1) of the fibrovascular bundles in the 
dermal and subdermal zones of P. dakshi- 
nense; the orbicular to obovate shape of 
fibrovascular bundles of subdermal zone in 
P. dakshinense as opposed to variously shaped 
bundles, often with one or more flat sides in 
the corresponding region of P. chhindwa- 
rense; the presence of canal-like structures 
in the dermal zone of P. dakshinense,; and 
lastly the type of lacunar ground tissue 
formed of a network of Y-shaped cells in 
P. dakshinense. However, in P. chhind- 
warense the ground tissue consists of narrow, 
more or less rectangular cells, often of 
various shapes forming loose meshes. 

Palmoxylon chhindwarense only approaches 
the foreign species, Palmoxylon ligerinum 
Crie (CRIE, 1892; Stockmans & WILLIERE, 
1943b) in some features. In both, the 
tabular parenchyma (StockMANS & WIL- 
LIERE, 1943b, PL. 2, Fics 1 )as present aus 
the nature of ground tissue is somewhat 
similar (loc. cit., Pr. 1, Fic. 4). However, 
the two species differ in several points. The 
differences are: (1) the shape of the bundles 
in P. ligerinum, the fibrous part being hemi- 
spherical with a typically flat median sinus; 
(2) the presence of radiating parenchyma 
round the vascular part of the fibrovascular 
bundles in P. ligerinum; and (3) in having 
1-3 layers of tabular parenchyma in P. 
ligerinum as against 1-2 layers in P. chhind- 
warense. 

Palmoxylon chhindwarense is, therefore, 
distinct from all the species known so far 
from India and outside and described under 
a new specific name. The specific name 
given to the fossil indicates the district from 
which the fossil palm was collected. 


DIAGNOSIS 


Fibrovascular bundles irregularly orien- 
tated in cortical zone; crowded, 297-625 per 
cm.?, of various forms and regularly orien- 
tated in dermal zone; comparatively sparse, 
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156-250 per cm.?, variously shaped, often 
with one or more flat sides, usually regularly 
orientated in subdermal zone; scattered 
widely and irregularly, 60-130 per cm.?, and 
orbicular to oval in central zone. F/v ratio 
Porites «1 in dermal 310 5 2Fin sub- 
dermal and mostly 2:5: 1 to 3:1 in central 
zone. Tabular parenchyma present but 
radiating parenchyma absent. Ground tis- 
sue rather compact with round to oval cells 
in dermal zone, slightly lacunate in subdermal 
zone, and highly lacunate in central zone, 
with quite big intercellular spaces ( 0-02- 
0-25 mm.). Leaf-traces present. 
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Locality — Mohgaon Kalan, in Chhind- 
wara district of Madhya Pradesh. 

Horizon — Deccan Intertrappean Series. 

Age — Tertiary ( probably Eocene ) 

Type specimen — B.S.1.P. Museum 
33.71, 


No. 
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EXPLANATION OF PLATES 


PPATEN 
Palmoxylon dakshinense sp. nov. 


1. A part of the polished transverse surface of the 
fossil under low magnification to show the cortical, 
dermal and subdermal regions. Note small and 
crowded bundles in dermal region. X 2. 

Cor. y. — cortical region, d.r. — dermal region, 
sd. v. — subdermal region. 


2. An oval body with round to oval cells in the 
middle bounded by a number of radially disposed 
cells x) 110: 

3. Scalariform 
x 210. 

4. Subdermal zone enlarged. 
ground tissue. x 15. 

5. The ground tissue between the two neighbour- 
ing fibrovascular bundles of the subdermal zone. 
x 40. 


pitting of metaxylem vessels. 


Note the lacunate 
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6. Few irregularly orientated fibrovascular bun- 
diese 215: 

7. A fibrovascular bundle from the dermal zone 
with surrounding ground parenchyma. x 90. 

8. Longitudinal section of a part of the stem. 
x 30. 

9. A part of the outer region of the stem showing 
cortical and dermal zones. X 10. 


PLATE 2 
Palmoxylon chhindwarense sp. nov. 
10. Central zone slightly enlarged to show the 


irregular orientation of the fibrovascular bundles. 
Also note the lacunate ground tissue. X 10. 
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11. Two fibrovascular bundles from the dermal 
zone with surrounding parenchyma. x 90. 

12. Subdermal zone enlarged. Note the distribu- 
tion, shape and size of the fibrovascular bundles. 
x 10. 

13. Two leaf-trace bundles from the central zone 
with surrounding lacunate ground tissue. X 25. 

14. A fibrovascular bundle from the central zone 
with tabular parenchyma. x 85. 

15. Longitudinal section of a part of the stem. 
x 30. 

16. Scalariform thickenings under high power. 
x 200. 

17. Dermal zone slightly enlarged. Note the 
shape, size and distribution of the fibrovascular 
bundles. x 10. 
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STUDIES ON THE FOSSIL FLORA OF THE JABALPUR SERIES 
FROM THE SOUTH REWA GONDWANA BASIN —1. CYCADOP- 
PES NIPANLOPHYELUM AND GINKGOITES 


M. N. BOSE & SUKH DEV 


Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


Cycadopteris brauniana Zigno and four new species 
of the genus (C. pulcherrima, C. auriculata, C. 
indica and C. majus), a new species of Nipanio- 
phyllum (N. hirsutum and another of Ginkgoites 
(G. feistmantelii) form the subject of the present 
paper. All the species of Cycadopleris have been 
distinguished from one another on the basis of their 
cuticular structure. N. hirsutum is characterized 
by having a large number of trichome bases on both 
the upper and lower surfaces and by having on the 
lower side cells with straight or slightly undulated 
walls. G. feistmantelii is different from the other 
known species of Ginkgoites as it has only a slight 
notch near the apex and is not lobed. It has also 
very few veins. 


INTRODUCTION 


outcrops of the Upper Gondwana rocks, 

which are rich in plant fossils, are mainly 
exposed at and near Chandia and Bansa. 
The majority of the specimens here described 
were collected in a carbonaceous shale, 
cropping out at three different places in the 
Machrar river; the first about half a mile N.E. 
( Marwar Ghat ), the second about the same 
distance N.N.W. and the third about a 
quarter of a mile N.N.W. of Bansa. A few 
specimens of Cycadopteris and Ginkgoites 
were also collected near Patparha and Barwar 
( only Ginkgoites ) about two and a half miles 
S.E. of Chandia. 


TI: the South Rewa Gondwana basin the 


DESCRIPTION 
? CORYSTOSPERMALES 


Genus Cycadopteris Zigno 


Cycadopteris pulcherrima n. sp. 


Pl. 1, Figs. 3, 6; Pl. 2, Figs. 12, 13; Text-figs. 1E-G, 
2A-D, 4C 


Diagnosis: | Frond — Frond  bipinnate, 
about 9 cm. long and 2-4 cm. broad. Rachis 
3 mm. wide, upper surface with longitudinal 
and transverse striations. Pinnae 2-4-4-5 
cm. long and 1-1:3 cm. broad. Pinnules 


7x4 mm., closely set, oval with rounded apex 
and truncate base, posterior margin slightly 
decurrent. Margin thickened but not re- 
volute, lower margin slightly overlapping the 
pinnule below. Secondary veins passing 
obliquely into a thick midrib which does not 
reach the apex. Pinnae rachis a little more 
than 1 mm. wide. 

Cuticle: Rachis — Epidermal cells similar 
on both the sides, mostly polygonal or 
rectangular. Lateral and end-walls straight 
and thick. Surface uneven or with a few 
striations, mostly with a thinly cutinized 
slit-like area near the centre, generally 
situated in the longitudinal direction. 
Stomata very few, distant but present on 
both the sides, irregularly scattered, mostly 
longitudinally orientated. Subsidiary cells 
5-7, mostly 5 or 6. Trichomes absent. 

Lamina — Upper cuticle thicker than the 
lower. Stomata present only on the lower 
side. Cells of the upper side irregularly 
packed. Lateral and end-walls thick, round- 
ed and more thickened near the corners. 
Surface smooth, a few with longitudinal 
striations or with numerous minute pits. 
Near the base and running about one-third of 
the entire length of the pinnule a few cells 
of the midrib visible. Midrib cells more or 
less serially arranged. 

Except near the thickened margin lower 
side thinner than the upper. Stomata 
mostly in interveinal bands, only a few occur- 
ring along the midrib and the secondary 
veins. Stomata never present along with the 
thickened marginal cells which occupy an 
area of about 1 mm. in width all along the 
entire margin. Marginal cells irregularly 
packed and similar to those of the upper side. 
Cells between the veins and the stomata also 
irregularly packed and polygonal. Lateral 
and end-walls thinner than the marginal 
cells. Surface smooth or like those of the 
marginal cells, pits rare. Cells of the midrib 
serially arranged, rectangular or polygonal. 
Lateral and end-walls thick and almost 
straight, very rarely at places inner walls 
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protruded. Surface with one or two longi- 
tudinal striations or with numerous minute 
pits. Cells of the secondary veins like those 
of the midrib but less regularly arranged and 
with smaller dimensions. Stomata closely 
packed between the veins and irregularly 
orientated. Subsidiary cells mostly touching 
the subsidiary cells of the adjacent stomata, 
but very rarely two stomata sharing a com- 
mon subsidiary cell between them. Sub- 
sidiary cells mostly 5 or 6, very rarely 4 or 7, 
less thinly cutinized than the ordinary 
epidermal cells, mostly with a narrow slit 
near the centre. Guard cells thinly cutinized 
and sunken. Opening slit-like, rhomboidal 
or oval. Trichomes absent. 

Locality — Marwar Ghat about half a mile 
N.E. of Bansa and about a quarter of a mile 
N.N.W. of Bansa. 

Collection — Holotype No. 30245 and para- 
type Nos. 30128 and 30026 of the Birbal Sahni 
Institute of Palaeobotany Museum. 

Comparison — The pinnules of C. pulcher- 
rima resemble most the pinnules of C. anglica 
Gothan (1914), formerly described by 
Seward (1904) as Thinnfeldia rhomboidalis 
Ett., in having only a thickened margin 
instead of a revolute edge as is common in 
most of the species of Cycadopteris. How- 
ever, it differs from C. anglica in lacking 
papillae on the lower side. In C. anglica the 
lower cuticle is much thinner than the upper, 
but in C. pulcherrima the lower cuticle is not 
so thin. 


Cycadopteris brauniana Zigno 


12101 EOS 47 22010 00 7 leds oy, TES. TÜRE 
Text-figs. 1D, 3C, E-E, 4A 


Description: Frond — Detached pinnae, 
about 3-5-5-8 cm. long and 1-1-8 cm. broad, 
imparipinnate. Rachis with longitudinal 
striations, about 0:5-2 mm. thick. Pinnules 
closely set, 0-4-1 cm. long and 0-25-0-6 cm. 
broad, typically 0-7 0-3 cm., broadly oval 
with rounded apex and truncate base, 
posterior margin about 1 mm. broad. Midrib 
broad, forming a turned-under flange, gene- 
rally not reaching the apex. Secondary 
veins not clear, arising at an acute angle, 
rarely bifurcating. 

Cuticle: Rachis — Stomata absent on both 
the surfaces. Epidermal cells on both the 
upper and lower sides rectangular or poly- 
gonal, serially arranged. Lateral and end- 
walls thickened, surface-wall mottled or with 
numerous minute pits. 
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Lamina — Upper cuticle much thicker than 
the lower. Stomata present only on the 
lower side. Ordinary epidermal cells on the 
upper side irregularly arranged, mostly poly- 
gonal with rounded corners sometimes oval 
or circular. Walls thick and straight. Sur- 
face finely striated or with many small pits, 
a few with longitudinal slits. Cells of the 
midrib recognizable near the base only, 
mostly rectangular or polygonal, more or less 
serially arranged. The lower cuticle shows 
a broad region of the midrib, cells of which 
rectangular or polygonal and serially ar- 
ranged. Walls thick and straight, surface 
mottled, a few papillate. Cells of the 
secondary veins smaller and with less thinner 
walls, serially arranged. Cells between the 
stomata irregularly packed, walls less thick, 
surface smooth or mottled or with pits, many 
with oval or circular knob-like papillae. 
Papillae also present on some of the cells of the 
secondary veins. Marginal cells like those of 
the upper surface. Stomata closely packed 
and irregularly orientated, between the veins. 
Also common along the secondary veins but 
rare along the midrib. Subsidiary cells of 
adjacent stomata mostly touching each 
other sometimes two stomata having one or 
two common subsidiary cells. Subsidiary 
cells mostly 6, sometimes 5, rarely 7, 
more cutinized than the ordinary epidermal 
cells. Stomatal pit polygonal. Guard cells 
thinly cutinized, sunken, aperture narrowly 
elliptical. 

Locality — Marwar Ghat about half a mile 
N.E. of Bansa and about one half and a 
quarter of a mile N.N.W. of Bansa. 

Collection — Nos. 30309, 30249 and 30601 
of the Birbal Sahni Institute of Palaeobotany 
Museum. 

Comparison — The detached pinnae here 
described resemble both in external features 
as well as in the cuticular structure the leaves 
of C. brauniana Zigno described by Hirmer 
(1924). But so far in our specimens we have 
failed to observe the turned-under flange over 
the secondary veins. The cuticle of C. 
brauniana resembles very much the cuticle 
of C. pulcherrima. Both of them have 
similar type of epidermal cells on the upper 
as well as lower surface and in both the 
distribution and orientation of stomata is 
similar. Also when examined from the upper 
side, in external form, they are very difficult 
to distinguish from each other. But C. 


brauniana can readily be separated from the 


latter in the presence of papillae on the lower 
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TEXT-FIG. 1 — A-B, Cycadopteris majus n. sp. No. 30862. x 1. C, C. majus, a pinnule magnified, 
showing venation. No. 30862. x 4. D, C. brauniana Zigno. No. 30601. x 1. E-G, C. pulcherrima 
1. sp. E, a single pinnule magnified. No. 30245. X 4. F, another pinnule magnified. No. 30128. x 4. 
>, No. 30128. X1. H-J, C. auriculata n. sp. H, No. 30570. x 1. I, lower cuticle, showing distribution 
yf the stomata. SI. No. 30260/1. x 15. J, cells of the upper cuticle. Sl. No. 30570/2. x 250. 


surface. C. pulcherrima does not have 6, whereas, in C. pulcherrima they are either 
papillae on any of the surfaces. While the 5 or 6. 
nargin in C. brauniana is revolute, C. pul- 


herrima has only a thickened margin. In Cycadopteris auriculata n. sp. 

. pulcherrima a few stomata are also present Pl. 2, Fig. 14; Text-figs. 1 EH], 3B, 4D 

yn the rachis while no stoma has so far been 

ybserved on the rachis of C. brauniana. The Diagnosis : Frond — Detached pinnae 4-5 


subsidiary cells in C. brauniana are mostly cm. long and 3-2 cm. wide. Rachis straight 
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about 1 mm. broad. Pinnules closely set 
and touching each other, attached to the 
rachis by their entire base, anterior part of 
the base almost straight, posterior markedly 
auriculate, apex slightly rounded. Edges 
revolute, turned-under margin about 1 mm. 
wide. Midrib prominent, evanescent near 
the tip. Secondary veins obscure. 

Cuticle: Rachis — Cells of the upper and 
lower side similar, mostly rectangular or 
polygonal. Walls thick and straight. Sur- 
face with numerous pits. Stomata absent. 
Trichomes absent. 

Lamina — Stomata present only on the 
lower surface which has much thinner cuticle. 
Cells of the upper surface large polygonal with 
corners rounded or oval, irregularly packed. 
Lateral and end-walls thick and straight, near 
the corners more thickened. Surface either 
smooth or a few with numerous minute pits. 
Lower cuticle much thinner than the upper. 
Stomata irregularly orientated and closely 
packed in interveinal bands. Mostly touch- 
ing each other, but rarely two adjacent 
stomata sharing a common subsidiary cell. 
Subsidiary cells 6-7, mostly 6, more cutinized 
than the ordinary epidermal cells. Stomatal 
pit large and oval or polygonal. Guard cells 
not preserved. Ordinary epidermal cells 
polygonal. Walls thick and straight. Sur- 
face smooth, devoid of papillae. 

Locality — About a quarter of a mile 
N.N.W. of Bansa. 

Collection — Holotype No. 30570 of the 
Birbal Sahni Institute of Palaeobotany 
Museum. 

Comparison — The lower cuticle of C. 
auriculata resembles the lower cuticle of C. 
brauniana. In both the number of subsidiary 
cells is 6 and they are more cutinized than the 
ordinary epidermal cells. But the former 
differs from the latter in many ways; such as 
in C. auriculata the posterior margin of the 
pinnules is auriculate while in C. brauniana 
itis decurrent. The cells of the upper cuticle 
in C. auriculata are larger than those of C. 
brauniana and also while C. auriculata is 
devoid of papillae on its lower surface, C. 
brauniana has numerous papillae all over the 
lower surface. C. auriculata is different from 
C. anglica because the pinnules in the former 
are auriculate and the cells on the surface 
are without any papillae; the pinnules in C. 
anglica are not auriculate and most of the 
cells on the lower side are papillate. In the 
absence of papillae on the lower surface C. 
auriculata comes nearest to C. pulcherrima. 
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But the subsidiary cells in the two differ from | 
each other. In C. auriculata they are more 
cutinized than the ordinary epidermal cells | 
but in C. pulcherrima the subsidiary cells are | 
less thinly cutinized and they are often witha | 
median slit. Moreover, while in C. pulcher- | 
rima the pinnules have only thickened mar- | 
gins, inC. auriculata they are revolute. From 
C. jurensis Schimper described by Salfeld | 
(1907) and Hirmer (1924), C. auriculata | 
can readily be distinguished by the shape of | 
the pinnules alone. In C. jurensis the pin- | 
nules are not auriculate and they have 
turned-under flange over the midrib and the 
secondary veins. No such turned-under | 
flange over the midrib or the secondary veins 
is present in the pinnules of C. auriculata. 


Cycadopteris indica n. sp. 


Pl 1 Biss 0७ Text es 2 a 3 3, 419 


Diagnosis: Frond — Pinnae 5-2-7-7 cm. 
long and 3-4 cm. broad. Rachis about 2-3 
mm. wide, with longitudinal striations. 
Pinnules ovate to lanceolate, margin revolute, 
turned-under margin about 1 mm. wide; 
apex rounded or a few slightly acute, lower 
margin decurrent on the rachis, upper margin 
contracted. Pinnules 1:5-2:8 cm. long and 
4-7 cm. broad, typically the basal pinnules 
almost touching each other and occasionally 
separated near the apex. Arising at an angle 
of about 60°. The midrib distinct, fading 
away near the tip, without any turned-under 
flange. Lateral veins faintly marked, simple 
or forked. 

Cuticle: Rachis — Cells similar on both the 
sides. Rectangular, polygonal or rhomboidal, 
more or less serially arranged. Lateral and 
end-walls distinct and straight. Surface 
smooth. Stomata absent. 

Lamina — Cuticle thin, lower cuticle dis- 
solves in. the acid. Cells of the upper 
surface polygonal and irregularly packed. 
Lateral and end-walls thick and almost 
straight. Surface smooth and thinly cuti- 
nized. Marginal cells more thickly cutinized 
and also polygonal in shape. Cells of the 
midrib serially arranged, rectangular or a few 
polygonal, with very thick lateral and end- 
walls. Stomata absent on the upper surface. 

Locality — A quarter of a mile N.N.W. of 
Bansa and Patparha. 

Collection — Holotype No. 30672 and para- 
type No. 28588 of the Birbal Sahni Institute 
of Palaeobotany Museum. 
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TEXT-FIG. 2 — A-D, Cycadopteris pulcherrima 1. sp. A, cells of the upper cuticle. 
x 250. B, cells of the lower cuticle, showing the marginal cells. 


cuticle, showing the distribution of the stomata. Sl. No. 30128/1. x 15. 
Sl. No. 30128/1. x 250. E, C. indica n. sp. a pinnule magnified, showing the 


the cells of the midrib. 
venation. No. 30672. x 4. 


Comparison — Like Cycadopteris sp. des- 
cribed by Bose (1957), the lower cuticle 
of C. indica is very thin and dissolves away 
in acid. But the pinnules in C. indica are 
larger and also differ in being ovate or lan- 
ceolate. In Cycadopteris sp. the pinnules are 
obovate. The upper epidermal cells in C. 
indica are also different from the cells of 
Cycadopteris sp. In C. indica they are poly- 
gonal with thinly cutinized surface wall. In 
Cycadopteris sp. the cells are polygonal, oval 
or circular and the surface wall here is mostly 
with a median slit and sometimes the central 
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Sl. No. 30128/1. 
Sl. No. 30128/1. x 250. C, lower 


D, lower cuticle, showing 


region is not even preserved. C. indica 
differs from C. pulcherrima, C. brauniana and 
C. auriculata in having a very thin lower 
cuticle. Moreover, its upper cuticle is not so 
thick, the cells of which differ from those of 
the others in having less cutinized and 
smooth surface walls. 


Cycadopteris majus n. sp. 
Pipi Bigs; Lext-tgs: TAC 3D 


Diagnosis — Detached pinnae, about 16-5- 
18-5 cm. long and 2-5-3 cm. broad. Pin- 
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TEXT-FIG. 3 — A, Cycadopteris indica n. sp., showing cells on the lower side of the rachis. 


Sl. No. 


30672/2. x 250. B, C. auriculata n. sp., showing cells on the lower side of the rachis. Sl. No. 


30570/1. x 250. C, C. brauniana Zigno, 


C. brauniana Zigno. 


cells of the upper cuticle. Sl. No. 30132/1. 


nules distant or closely set, elongate oval, 
apex rounded, attached by entire base, 
margin revolute. Pinnules typically about 
1-7 0-5 cm.; with a very thick and promi- 
nent midrib, forming a groove, usually 
evanescent near the tip; secondary veins 
arise at an acute angle and very rarely 
divide only once. Rachis thick 2-2-5 mm. 
wide, longitudinally striated. Substance of 
lamina thin. 

Cuticle thin, dissolves in the acid, leaving a 
few circular thick-walled cells of the hypo- 
dermis (?). 


showing cells on the lower side of the rachis. Sl. No. 
30309/1. x 250. D, C. majus n. sp. ? thickened hypodermal cells. SI. 
E, showing cells of the upper cuticle. 
x 250. 


No. 30237/1. x 250. E-F, 
Sl. No. 30449/1. x 250. F, showing 


Locality — A quarter of a mile N.N.W. of 
Bansa and Patparha. 

Collection — Holotype No. 30231 and para- 
type No. 30862 of the Birbal Sahni Institute 
of Palaeobotany Museum. 

Comparison — In general shape of the pin- 
nae and the pinnules C. majus resembles 
somewhat the pinnae and the pinnules of 
C. brauniana Zigno described by Hirmer 
(1924) and Antevs (1915) andC. zeilleri Antevs 
(1915). But the cuticle in C. majus is ex- 
tremely thin and in this respect it differs from 
all the species of Cycadopteris described so far. 
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TEXT-FIG. 4 — A, Cycadopleris brauniana Zigno, lower cuticle. 
Sl. No. 30672/1. x 250. C, C. pulcherrima n. sp., lower cuticle. 
30128/1. x 250. D, C. auriculata n. sp., lower cuticle. 


indica n. sp., upper cuticle. 


Discussion — All the new species of Cyca- 
dopteris described here have mainly been 
created on the basis of their cuticular struc- 
ture. Some of the species can even be 
distinguished from each other by the mere 
shape of their pinnules. The two species, 
C. pulcherrima and C. auriculata do not have 
the usual papillae on the lower surface. In 
this respect they come much closer to the 
genus Thinnfeldia Ett. But they differ from 
Thinnfeldia in having pinnules with thickened 
or revolute margin. Moreover, in Thinnfeldia 
the stomata on the lower surface are not so 
crowded as in C. pulcherrima and C. aun- 


Sl. No. 30309A/3.X 250. B, 0. 
SISINO: 
Sl. No. 30260/1. x 250. 


culata. Except for the absence of the papillae 
on the lower cuticle, the cuticles of C. pulcher- 
rima and C. auriculata are very similar to 
C. brauniana. From Dicroidium Gothan an- 
other genus, commonly found in the Indian 
Mesozoic, all the species of Cycadopteris can 
readily be distinguished by their pinnules 
alone. In Dicroidium the pinnules do not 
have a revolute margin also they are am- 
phistomatic. In Cycadopteris the stoma- 
ta are confined only to the lower side. 


While the stomata in Cycadopteris are 
very crowded, in Dicroidium they are 
scattered. 
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PENTOXYLEAE 
Genus Nipaniophyllum Sahni 


Nipaniophyllum hirsutum n. sp. 
Pl. 3, Figs. 16-21; Text-figs. 5, 6A-D 


The generic name Nipaniophyllum was 
instituted by Sahni (1948) ior a petrified 
species of Taeniopteris, previously described 
by Rao (1943) as Taentopteris spatulata 
McC]. Sahni while describing the new genus 
even changed the specific name and chris- 
tened Rao’s specimens as N. vaot. Rao had 
discovered the stomata of N. raoi to be of 
Bennettitalean type. But recently Vishnu- 
Mittre (1957) has shown the stomata of 


TEXT-FIG. 5 — Nipaniophyllum hirsutum n. sp 
showing the venation. No. 30156. x 5. 


a2) 
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N. raoi to be non-Bennettitalean, 1.6. he 
found them to be uniformly haplocheilic in 
the genus. The stomata in our specimens 
are also haplocheilic and resemble Vishnu- 
Mittre’s specimens. 

Diagnosis — Length, breadth and the 
shape of the leaf not known. Substance of 
lamina thick, with a fairly broad midrib, 
measuring about 2 mm. Lateral veins very 
prominent, about 0-5mm. apart, arising 
almost at right angles to the midrib, dicho- 
tomizing near the origin or a little further 
out. 

Cuticle moderately thick, upper being 
thicker than the lower. Stomata only on 
the lower surface. Trichome bases present 
on both the surfaces. 

Cells of the upper cuticle variously shaped, 
mostly polygonal, a few rectangular or 
squarish; lateral and end-walls sinuous. 
Surface cells mostly flat, a few showing 
trichome bases. Cells along the midrib 
arranged in series, mostly rectangular or 
elongated rectangular, sometimes polygonal 
with sinuous walls. Surface full of large 
trichome bases. Cells along the secondary 
veins scarcely distinguishable. 

The lower cuticle divided into two zones, 
the cells along the veins without stomata, 
while those between them with stomata. 
Stomata also placed on the midrib. The 
width of the stomatal regions much more than 
the vein regions. The cells between the veins 
polygonal, lateral and end-walls fairly thick, 
straight or slightly undulated, but not 
sinuous. Cells along the midrib thick-walled, 
elongated rectangular, usually with oblique 
walls. The cells along the lateral veins not 
well preserved. Trichome bases frequent 
along the veins and over the entire lower 
surface, mostly big and oval, about 60-85 x 
25-38 u. Thickly cutinized. 

The stomata irregularly scattered along the 
grooves between the veins, longitudinally 
placed along the midrib and absent on the 
lateral veins. Stomata close to each other, 
sometimes two stomata even sharing a com- 
mon subsidiary cell. Subsidiary cells 5-6, 
walls shghtly wavy, around the oval stomatal 
pit thickly cutinized, surface unspecialized. 
Guard cells sunken, mostly not preserved, 
thinly cutinized. 

_ Locality — Near Marwar Ghat ( Machrar 
river ), Bansa, Madhya Pradesh. 

Collection — Holotype, No. 30156 and 
paratype No. 30157 of the Birbal Sahni 
Institute of Palaeobotany, Lucknow. 
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TEXT-FIG. 6 — Nipaniophyllum hirsutum n. sp. A, lower cuticle, showing distribution of the stomata. 


Sl. No. 30064/1. x 40. 


the lateral veins. Sl. No. 30156/3. x 250. 


Comparison — Nipaniophyllum hirsutum 
resembles N. vaot Sahni in its venation, cells 
of the upper surface and the midrib, in the 
nature of the distribution of stomata and to 
some extent in the number of the subsidiary 
cells. It, however, differs from the latter in 
having straight or slightly undulated cell 
walls on the lower surface. In N. raoi the 
cells of the lower surface have more sinuous 
walls than the upper while the guard cells in 
N. vaoı are heavily cutinized at the polar 
regions, they are also thickened on the 
ventral, inner and outer walls, in N. hirsutum 
the guard cells are thinly cutinized and 
mostly not preserved. A large number of 
trichome bases are visible on both the surfaces 
of N. hirsutum, whereas in N. raoı trichome 
bases have so far not been noticed either by 


B, lower side of midrib, showing hair-bases and stomata. 
x 250. C, upper side of the midrib, Sl. No. 30156/4. x 250. 


Sl. No. 30156/4. 
D, upper cuticle, showing cells between 


Rao (1943) or by Vishnu-Mittre (1957). 
However, Rao ( 1943) observed in one of his 
preparations circular bodies on each cell or 
sometimes several such bodies in a cell. 
According to him there is a possibility of their 
being hair-bases or papillae. Even these cir- 
cular bodies are much smaller in size than the 
oval trichome bases of N. hirsutum. Trichome 
bases in our specimens measure 60-85 x 
25-38 u, while in N. raoı they are only 8:5- 
1-4 u. 

Discussion — The internal anatomy and 
the epidermal characters of the petrified 
leaves having the form and venation of Tae- 
miopteris Brongniart, found at Nipania, were 
described in detail by Rao (1943). For 
these leaves Sahni ( 1948 ) instituted a new 
genus Nipaniophyllum with the diagnosis; 
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TEXT-FIG. 7 — Ginkgoites feistmantelii n. sp. A, No. 30885. B, No. 29905. C, No. 30667. D, No. 
30632. E, No. 30668. ७ No. 31096. (७ Nos 298987 Hy No. 30710 1) No 5/32 EN 1118 
J, showing the distribution of stomata. Sl. No. 30667/1. x 250. 


“ Petrified leaves having the form and 
venation of Taeniopteris Brongniart, com- 
bined with vascular bundles of the 
‘diploxylic’ type characteristic of the 
modern cycads and stomata fundamentally 
of the Bennettitalean type with the sub- 
sidiary cells liable to subsequent transverse 
division.” In 1957 Vishnu-Mittre while 
working on a large collection of these leaves 
from Nipania found the stomatal structure of 
N. raoı to be haplocheilic and not syndeto- 
cheilic as was described earlier. He, there- 
fore, emended the diagnosis of Nipanio- 
phyllum as, “ Petrified leaves with the form 
and venation of Taeniopteris Brong. Vas- 
cular bundles arranged in straight or slightly 
curved row, diploxylic. Stomata haplo- 
cheilic, subsidiary cells, 4-6, encircling the 
guard cells ” 


In spite of the fact that our specimens are 
not petrified and as such do not show any 
details of the internal anatomy, we have 
placed them under Nipaniophyllum because 
of the close similarity in venation and 
epidermal structure between our specimens 
and N. raoi as described by Vishnu-Mittre. 


GINKGOALES 
Genus Ginkgoites Seward 


Ginkgoites feistmantelii n. sp. 
12103, Higa 10 161 124 00 Aci 
1882. Ginkgo sp., Feistmantel; 9. 49, Pl. III, 1901 0 मे 


1882. Araucarites cutchensis Feistmantel; Feist- 
mantel, छ. 49, el IT ER 


Diagnosis — Leaf form variable. Lamina 
obovate, orbicular or oval; the smaller being 
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mostly obovate, the bigger orbicular or oval. 
Lamina typically about 1-8 cm. long x 2-5 
cm. broad (extreme specimens 2:7 cm. 
long x 3-7 cm. broad; 2-9 cm. long x 3-9 cm. 
broad; and 2-0 cm. long x 1:6 cm. broad), 
almost entire, mostly with a single notch 
at the upper margin, lower margin prolonged 
to a fairly long petiole. Petiole 1-2-2-2 cm. 
long x 1-1-5 mm. thick, with a single dark 
strand dichotomizing just below the lamina. 
After a short distance the two forks of the 
strand dichotomizing repeatedly, but forming 
only very few veins. 

Cuticle very thin on both sides. Cell walls 
not visible, only at places the impressions of 
the more cutinized guard cells visible. 
Stomata seem to be irregularly distributed. 

Localities — Machrar river, near Marwar 
Ghat and about half a mile N.N.W. of 
Bansa; near Barwar (S.W. of Chandia ) and 
Patparha about two and a half miles S.E. of 
Chandia. 

Collection — Holotype No. 5/392 of the 
Geological Survey of India, Calcutta. 

Paratypes Nos. 30632, 30668, 30667 and 
29898 of the Birbal Sahni Institute of 
Palaeobotany, Lucknow. 


Comparison — Among the Indian species of 
Ginkgoites some of our smaller specimens, in 
general outline of the lamina, come nearest 
to G. crassipes ( Feistmantel) Seward de- 
scribed by Feistmantel ( 1879) and Seward 
(1919) from the Madras Coast. But our 
specimens have very few veins as compared 
to G. crassipes. The obovate form of G. 
feistmantelii also resembles G. obovata 
( Nathorst ) Seward described by Nathorst 
( 1886 ) from the Rhaetic beds of Scania and 
by Harris ( 1935 ) from Scoresby Sound, East 
Greenland, but only in shape and not in 
venation. Ginkgo integriuscula Heer ( 1876 ) 
resembles G. ferstmantelii in having almost 
entire lamina, but the former has many more 
veins. G. feistmantelii may be compared 
with some of the specimens of G. minor 
Hollick (1930) from Alaska showing emar- 
ginate apex but the venation and the general 
form in the two are different. 
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EXPLANATION OF PLATES 


PLATE 1 


1, 2. Cycadopteris brauniana Zigno. Nos. 30144 


and 30132. x 1. 
3, C. pulcherrima n. sp. No. 29976. x 1. 


Nos. 30309B and 


4,5. C. brauniana Zigno. 
30500/3 0 5 ER 

6. C. pulcherrima n. sp. No. 30245. x 1. 

7. C. brauniana Zigno. No. 30249. x 1. 

8. C. majus n. sp. No. 30237. x 1. 

9. C. indica n. sp. No. 30672. X 1. 
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PLATE) 2 PLATE 3 

10. Cycadopteris brauniana Zigno, showing a 15. Ginkgoites feistmantelii n. sp. 1४०. 30632. »८ 1. 
stoma and a few papillae. SI. No. 30249/1. x 500. 16. Nipaniophyllum hirsutum n. sp. No. 30156. 

11. C. brauniana Zigno, showing cells of the x 1, 
midrib. SI. No. 30309A/2. x 250. 17.: Lower cuticle of N, Rirsumm showing the 

12. C. pulcherrima n. SP, showing stomata. stomata and a trichome base. SI. No. 30156/1. 
51. No. 30128/1. x 500. x 250. 

13. C. pulcherrima n. sp., showing a stoma and 18, 19. Two stomata of N. hirsutum. Sl. No. 
the cells on the lower side of the rachis. Sl. 30156/3. x 500. 
No. 30026/1. x 250. 20. Lower surface of midrib, showing the large 


14. C. auriculata n. SP, showing stomata. SI. hair-bases. Sl. No. 30156/2. x 250. 
No. 30260/2. x 500. 21. The specimen in figure 16, magnified. x 2. 
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MESOZOIC FLORAL SUCCESSION OF NAGATO MOUNTAINLAND, 
WESTERN JAPAN 


EITARO TAKAHASI 
Geological Institute, Yamaguchi University, Japan 


ABSTRACT 


Floral succession in Triassic and Jurassic forma- 
tions of Nagato mountainland, western Japan were 
carried out by the author and determined the strati- 
graphical boundary between the horizons of Dictyo- 
phyllum Series and Onychiopsis Series of Oishi 
exists at some limited horizon between the upper- 
most of Higashi-Nagano formation and the middle 
of Nishi-Nakayama formation of the Toyora 
Group. 


AGATO mountainland of the western 
Japan has been famous for Mesozoic 
plant fossils since the palaeobotanical 

works of Yokoyama ( 1891, 1905 ) and Yabe 
(1922). In this mountainland there de- 
veloped Triassic and Jurassic plant beds of 
various stages, some of them have been 
worked as coalfields. In the recent three 
decades Oishi ( 1932-40), Konno, the present 
writer ( TAKAHASI, 1950-51) and Hozioka 
(1938) took up their palaeobotanical works 
on the plant fossils from this mountainland. 
On the other hand, stratigraphical works on 


GEOLOGICAL AGES 


Upper Yahata Group 


the Mesozoic formations were carried out by 
Kobayashi (1941), Matsumoto (1949), 
Hase (1951) and others. Fortunately, the 
Triassic plant beds are alternated with 
marine shell-bearing beds and the Jurassic 
plant beds are intercalated with marine 
ammonite beds; hence the exact geological 
ages of the plant horizons are decided. As it 
was mentioned previously by Kobayashi 
( 1938, 1942), the ages of the Mesozoic floras 
of our country are older than those of Europe; 
namely the ages of the floras of Rhaeto- 
Liassic aspect go down to the Noric Carnic 
and Ladonic, and the ages of the floras of 
Upper Jurassic type go down to the Middle 
and Lower Jurassic. In the early years the 
writer made efforts to settle the precise 
geological position of the plant fossils already 
described or reported by the above-mentioned 
palaeobotanists in the Mesozoic formations 
and also added numerous fossil species. 
Geological ages of the Mesozoic formations 
of this mountainland are settled as follows: 


GEOLOGICAL SYSTEMS 


LS LLC LL CC LT TT TT TT 


Shimonoseki subgroup 
Wakino subgroup 


PS LS LL LS LL LL TL LL LC TT TT TT 


Yoshimo formation 


| Kiyosue formation* 


Ce es es 0e 2 ee ee ee ee ee ee ee 


Utano formation* 
Nishi-Nakayama formation* 
[ Higashi-Nagano formation* 


PS LS LL LS LL a a ae a ee a CC 


Kamosho for. 
Yamanoi for.* 
[ Nakatsuka for.* 


Aso for.* 
Momonoki for.* 
[ Hirabara for.* 


( Kumanokura for.* ( Idenoue for.* 


[ Hiramatsu for.* 


| Middle 
Cretaceous Kammon group 
Lower 
| 
(Low. Most ) 
Toyonish group 
[ Upper J 
J urassic Middle ( 
4  Toyora group 
| Lower L 
[ Noric f 
Carnic i Miné (or Habu ) group 
Triassic 
| Ladonic h Atsu (or Tsubuta) group < 
L 


| Hongo for. 


Ominé region Tsubuta region. 


*Plant-bearing formations. 
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At this place we must pay special atten- 
bed to some horizons. (1) Kiyosue plant 
tion of Oishi is divided stratigraphically by 
an unconformity into two parts; Toyora 
group, the lower and Kiyosue formation 
of Toyonishi group, the upper; (2) fossil 
localities of Tsubuta of Oishi belong to 
Idenoue formation, not to Yamanoi form- 
ation. 

Next are presented the tables of Triassic 
and Jurassic plant fossils. 

It is noticeable that the Gondwana element 
Rhipidopsis occurs in the lower part of 
Hiramatsu formation, Thinnfeldia comes in 
the middle part of Hirabara formation and 
Palaeozoic type Plagiozamites survives in the 
lower part of Momonoki formation. 

Stratigraphical boundary between the 
horizons of Dictyophyllum series and Ony- 
chiopsis series of Oishi ( 1940) has become 
very clear, namely Nilssonia brevis ( Brongn.), 
belonging to the former series comes out from 
the uppermost horizon of Higashi-Nagano 
formation and Zamites toyoraensis Oishi and 
Cycadites sp., both belonging to the latter 
series, come out from the middle horizon of 
Nishi-Nakayama formation. So we can 
clearly say that the boundary between the 
two series exists at some limited horizon 
between the uppermost of Higashi-Nagano 
formation and the middle of Nishi-Nakayama 
formation. 


(1) TSUBUTA FOSSIL FLORA 


Hiramatsu 
Formation Formation 


Equisetales 
Neocalamites carrerei ( Zeill.) 
Equisetites takaianus Konno 
( 11.5.) 
Sp; 
Filicales 
Clathropteris sp. indet. 


Dictyophyllum japonicum Yok. 


D. nathorsti Zeill. 

D. sp. 

D. sp. or Thaumatopteris sp.? 
Cladophlebis denticulata 

( Brongn.) 

C. haiburnensis ( L. & H.) 

C. sp. 
Ginkgophyta 

Rhipidopsis sp. 

Phoenicopsis angustifolia Heer 
Psp. 

Ginkgoacean cone 


Coniferales 
Elatocladus sp. 
Pityophyllum longifolium 
( Nath.) 
Podozamites lanceolatus 
CLR) 
P. sp. 
Cycadocarpidium swabii Nath. 
C. n. sp.? 2 
Stenovachis elegans Oishi 
S. sp. ? (Seed) 
Swedenborgia sp. 


Plantae incertae sedis _ 
Taeniopteris minensis Oishi 
४४ 93६ 


(2) MINE FOSSIL FLORA 


YAMANOI F. 


Bryophyta 
Hepaticites Oishi 
Huzioka & Tak. ( m.s.) 
Equisetales 


Annulariopsis inopinata Zeill. ? 
Lobatannularia ensifolia Halle 


Neocalamites carrerei ( Zeill.) x 
N. hoerrensis ( Schimp.) x 


Equisetites multidentata Oishi 
E. naitoi Konno ( m.s.)* 


420 11, 580. & x 

1B, 008 So), (6) 

E. sp. «, Oishi ( m.s.) 

Ea 5p.B,2O0ishie mis.) 

E. sp: 

Phyllotheca sp. x 
Filicales 

Todites goeppertianus ( Münst.) 

T. recurvatus Harris 

T. williamsoni ( Brongn.) 

Clathropteris meniscoides Brongn. sec 

C. obovata Oishi x 


*Nakatsuka f. 


HIRABARA F. 


X 
x 
x 
x x 
x 
x 
Bae x 
ee x 
x x 


X X X X X 


X 
X 


xxx! 


EEE 


xx 


MoMONOKI F. 


Idenoue 


x 


x 


x 


x 


Aso 


IDEE D 


xx 
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sp. 


Dictyophyllum japonicum Yok. 


D. 


nathorsti Zeill. 


D. sp. 

D. sp. indet 

Thaumatopteris kochibei ( Yok.) 
Hausmannia dentata Oishi 

H. sp 

Cladophlebis denticulata ( Brongn.) 


Sie ck 


haiburnensis (L. & H.) 


. nebbensis ( Brongn.) 
. pseudodelicatula Oishi 


cfr. pseudodelicatula Oishi 


. vaciborskii Zeill. 


cfr. raciborskii Zeill 

raciborskii integra Oishi & Tak 
cfr. raciborskii integra Oishi & Tak 
williamsoni ( Brongn.) 

n.sp. ०, Oishi ( m.s.) 

n. sp. ß, Oishi (m.s.) 

It Sp ys Oishi) (mis) 

sp. 


Sycadophyta 


Ctenis ? sp. 
Nilssonia acuminata Presl 
N. inouyei Yok 


N 
N 
Pterophyllum yamanoiensis Oishi & Tak. 


122 


P. 


simplex Oishi 


SP 
? sp. indet 


Zamites 1. sp. Oishi ( m.s.) 


bo 


n. sp. Oishi ( mz.s.) 


Plagiozamites minensis Tak. 
Sagenopteris nilssoniana ( Brongn. ) 
Thinnfeldia sp. ? 


sinkgophyta 


Baiera elegans Oishi 


B. 
18% 
B. 
B. 


muensteriana ( Presl ) 
paucipartita Nath. 
sibivica Heer 

sp. 


Ginkgoites digitata huttoni Seward 
zekanowskia vigida Heer 


C. 
Ge 


sp. 
SD: 


Phoenicopsis sp. 


Joniferales 


Podocarpites ushioi Naito (m.s.) 
Elatocladus sp 

Nageiopsis rhaetica Oishi 
Araucarioxylon sp 

Pityophyllum longifolium ( Nath.) 
Podozamites atsuensis Tak 


1ER 


P. 
iD: 
122 
Jeg 
Jee 
P 

P 


concinnus Oishi & Huz 
cfr. distantinervis Font 
lanceolatus (L. & H.) 
nagatoensis Tak. 

oishit Tak. 

schenkii Heer 

1. sp. Oishi ( m.s.) 

sp 


Cycadocarpidium erdmanni Nath 


C 
C. 


swabii Nath 
sp. 


VAMANOI F. 


de 25 ECS Ci 


PDC SK NES 


x 


EO GX aes 


X X : 


ENE 0 28: 


HIRABARA F. 


MOMONOKI F. 


x 


OS SE 


x 


EEK RE: 


RER Ms 


RE 


X 


201 26 25 2 26 2९ 25 2८ ४८ 


0000 RL EEE A EDS EXT 


Aso 


157 


158 THE PALAEOBOTANIST 
YAMANOI F. HIRABARA F. MOMONOKI F. Aso F. 


Ge Roe 8 x ane DOC 
Cfr. Leptostrobus laxiflora Heer X 508 560 

Stenorachis elegans Oishi 000 Spo x 

Swedenborgia cryplomeroides Nath. 558 x 

Stachyotaxus elegans Nath. ie S06 x 600 


Plantae incertae sedis 


Pachypteris sp 500 259 x 50% 
Taeniopteris lanceolatus Oishi 266 300 x x 
T. minensis Oishi 3 300 x 

Cfr. T. nabaensis Oishi 
T. richthofeni ( Schenk ) 
1597 Sp) Olshiz(m:5:) 


Ie, Soe 


x: XXX 


(3) TOYORA AND TOYONISHI FOSSIL FLORAS 


Toyora G. ToyvonIsHI G. 
= == SSS £ 
Higashi- Nishi- Utano f. Kiyosue f. 
Nagano f. Nakayama f. 


Bryophyta 
Thallites yabei ( Krysht.) 960 Se x x 


Equisetales 


Equisetites endoi Konno ( m.s.) one as x 
Filicales 
Phlebopteris takahasii Huzioka eae x 
Coniopteris burejensis ( Zall.) 
C. hymenophylloides ( Brongn.) 908 ००० 
Onychiopsis elongata ( Geyl.) ee x 
Adiantites sewardi Yabe 
A. toyoraensis Oishi 
Sphenopteris goepperti Dunk. 
Cladophlebis denticulata ( Brongn.) 
deltifolia Oishi 
exiliformis ( Geyl.) 
( Klukia ? ) horaiensis Yabe Abe 
lobifolia ( Phill.) ? 
toyoraensis Oishi 
SD 


2८50 22225 20 2 0८००८ 
Xo 


000000 
SEXE 
DONNER EC: 


Cycadophyta 


Nilssonia brevis ( Brongn.) x S06 008 mee 

densinerve ( Font.) 

compta ( Phill.) 

nipponensis Yok. ०७० 

orientalis Heer x 

schaumburgensis parvula Yabe 306 coe 

sp. i tee x 

Cfr. Pseudoctenis brevipennis Oishi 

Psp: 5 

Dictyozamites falcatus ( Morris ) 550 nce x 

D. hawasakii Tateiwa sac 555 e x 

DISD: nas 308 noe x 
x 
x 


ee aa 


EEE 


Otozamites beani (L. & H.) aie 056 
O. klipsteinii ( Dunk.) sou one 
Cycadites sp. 500 x 
Pseudocycas sp. ? 

Pterophyllum propinguum Goepp 
P sp 

Ptilophyllum pecten ( Phill.) 

P. pachyrachis Oishi 


XX: XX 


2८12९ ee 
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Toyora G. TOYONISHI G, 
(8 SS a ee : 
Higashi- Nishi- Utano f. Kiyosue f. 
Nagano f. Nakayama f. 
Bsp: x wee 
Zamiophyllum buchianum ( Ett.) x ee 
Cfr. Z. megaphyllus ( Phill.) x ag 
Ctr. 2. Hoheneggeri ( Schenk ) 500 X 
Z. toyoraensis Oishi mK 352 x 
Z. yabei Oishi x x AGE eae 
Sagenopteris petiolata Oishi Sct x x 
Ginkgophyta 
Ginkgoites digitata ( Brongn.) 500 x x 
G. sibirica ( Heer ) x %< Be 
Czekanowskia rigida Heer x 266 
Phoenicopsis sp. are x 
Coniferales 
Araucarites cutchensis Feist. 660 x 522 
Brachyphyllum expansum ( Sternb.) x x x 300 
B. toyoraensis Tak. er x 406 
B. sp. ee x 
Elatocladus constricta ( Feist.) x x 
Palissia sp. x 306 
Nageiopsis longifolia Font. x oe 
Cfr. Podozamites distantinervis Font. x 306 
12 x x 
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THE CLASSIFICATION OF GYMNOSPERMOUS PLANTS 
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Page 67, column 2, 6th line from the bottom: 
Read Ephedropsida, for Coniferopsida 


Page 68, column 1, 2nd line from the bottom: 
Transfer Order 3. Coniferales under Class 1. Coniferopsida 


Page 68, column 2, last line: 
Read 1958, for 1957 


Page 69, column 1, 5th line from top: 
Read 1958, for 1957 


Page 70, column 1, 12th line from the bottom: 
Read 1958, for 1957 
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